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Water Quality Monitoring Plan. 

This letter is tendered as "Proof of Service" indicated in the FERC order. In addition mailing these 
copies to FERC, I hereby certify sending a copy of this report to each of the following agencies: 

Michigan Department of Natural Resources 
Attention: Jesaica Mistak, Fisheries Biologist 
Habitat Protection Unit 
484 Cherry Creek Rd. 
Marquette, MI 49855 

U.S. Fish and Wildlife Service 
Attention: Janet Smith 
Division of Ecological Services 
Green Bay Field Office 
1015 Challenger Court 
Green Bay, WI 54311-8331 

Thank you for your attention to this package. If you need anything further, do not hesitate to call. 

Sincerely, 

Kent F. Premo 
Associate Consultant 
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ee: Jessiea Mistak (MDNR), Janet Smith (TdSFWS), City of Crystal Falls 
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February 10, 2003 

The Secretary 
Federal Energy Regulatory Commission 
Mail Code: DLC, HL-11.2 
888 First Street, NE 
Washington, DC 20426 

ECOLOGICAL CONSULTING AND 
ENVIRONMENTAl. LABORATORY SERVICES 

WHITE WATER A S S O C I A T E S ,  INC. ~ 

/ % 

Deer Secretary:. 

I am submitting copies ofdtis final interim report for the Water Quality Monitoring Study (2002 
Monitoring) for the City of Crystal Falls Hydroelectric Project (Project No. 11402-013). This study 
is being conducted to comply with the FERC order issued April 10, 1997 approving the licensee's 
Water Qua.l/ty Monitoring Plan. 

This letter is tendered as "Proof of Service" indicated in the FERC order. In addition mailing these 
copies to FERC, I hereby certify sending a copy of this report to each of the foUowin s agencies: 

Michigan Department of Natural Resources 
Attention: Jessica Mi~ek, Fisheries Biologist 
Habitat Protection Unit 
484 Cherry Creek Rd. 
Marquette, MI 49855 

U.S. Fish and Wildlife Service 
Atxenlion: Janet Smith 
Division of Ecological Services 
Green Bay Field Of~ce 
1015 Challenger Court 
Green Bay, W154311-8331 

Thank you for your attcnl~on to this package. If you need anything further, do not hesitate to call. 

Sincerely, 

Kent F. Premo 
Associate Consultant 

cc: Jessica Mis~k OVIDNR), Janet Smith (USFWS), Ci~ o f C r ~  Fal]~ 
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INTRODUCTION 

This final interim report describes Year 2002 results for the Water Quality Monitoring 

Study being conducted for the City of Crystal Falls (licensee) on the City of Crystal Falls 

Hydroelectric Project (FERC Project No. 11402) located on the Paint River in CYystal Falls, 

Michigan (Iron County). This study is being conducted to comply with the FERC order issued 

April 10, 1997 approving the licensee's Water Quality Monitoring Plan (Appendix A). The 

study is being conducted by an indepeudent ecological consulting firm (White Water 

Associates, Inc.) under contract with the licensee, with oversight by the Michigan Department 

of Natural Resources (MDNR) and Un/ted States Fish and Wildlife Service CUSFWS). 

The Water Quality Monitoring Plan submitted by the Hcensee was prepared by its 

contractor Mead and Hunt (Appendix A). The FERC order on the plan modified the proposed 

two-year monitoring term to a three-year term. In addition, it set reporting schedules specifying 

that annual reports, including copies of agency comments as well as any proposed 

modifications for subsoque~t years of the study, be filed with the FERC by February 15 (2003, 

for this year's monitoring). The order also specified special reporting instances should water 

quality measurements fail to meet standards set by Article 404 (Appendix A). Consultant and 

client correspondence regarding the report for 2001 monitoring involving the sole case of a 

special reporting instance is included in Appendix L This report was distributed as a draR 

product for the purpose of agency commenl~, which are included in Appendix J. 

This report is comprised of five principal sections, including this one (the Introduction). 

The next section will describe the general area of the hydroelectric project and the specific 

monitoring sites. The Methodology secfion describes four aspects ofthe study: (1)Upstreara 

Water Quafity profiles, (2) Upstream Temperature Monitoring, (3) Downstream Dissolved 

Oxygen and Temperature Monitoring, and (4) Data Management and Anal~is. (Except where 

noted, the Description of the General Area and Methodology sections are identical to those of 

the 2001 annual report, except for monitoring dates.) The Findings section presents our 

observations and data collected fi'om the field, and provides an analysis of the data. The 

Discussion section reviews the three years of monitoring for which agency reporting was 

required and recommends how the water quality monitoring plan should be amended for the 

future considering these results. 

ilm 
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DESCRIPTION OF THE GENERAL AREA AND MONITORING SITES 

The study area is composed of two sites: an upstream site at the upper outer end of the 

floating platform C'catwalk") from wlfich the barrier net is suspended, and the downstream site 

below the dam on the west side (river fight). Throughout this report, these sites are often 

referred to simply as upstream and downstream. (See Figure I, Appendix B.) 

Servicing the upsUeam site was reliable and convenient thanks to the floating platform. 

This substantial struetm'e is composed of wooden rafts connected into two large floating limbs 

oriented at approximate right angles to one another. The limb that is placed croas-currcnt is 96 

feet long. The limb that is orianted upstream-downmrvam was 84 feet long, but was reduced 

in length slightly after problems associated with last spring's runoff necessitated some 

rebuilding. The structure is held in place by steel cables that are stretched between anchor 

points on the dam, island, and western shore. Just outside the barrier net, at the inne~ corner 

of the two limbs (approximately 10 feet further downstream compared to the last two years), 

was the upstream site for deploying water quality monitoring equipment and taking profiles 

every ten days. This fi-equency was a recommended change from the 2001 monitoring effort, 

which involved visits every two weeks. 

The downstream site was chomm for its security, remotences, consistent depth, and 

relation to the dam. It was approximately 100 feet downstream. The study plan prepared by 

Mead and Hunt and referenced in the FERC order indicated that positions be approximately 

500 feet above and below the dam. Convenience and security dictated that these distances be 

reduced; however, the intent of the plan held----4o measure water quality parameters at proper 

depth, well above and below the dam. In addition, the downstream site corresponded with the 

location o fpast deployment of similar equipment, lending to historical comparisons. Since the 

downstream monitoring site was upstream of the confluence with the spillway and associated 

oxygenation, the site likely may represent the "worst case" scenario for dissolved oxygen 

conditions. 

The aptness of depths of the two sites for this study was supported by historical data. In 

1992, White Water Associates conducted aquatic and terrestrial studies within the Crystal Falls 

project area as part of the relicensing requirements (Paint River Ecology and Water Quality 

Study, White Water Associates, 1992). Bathymetry measures at two-foot contours were 

g 
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conducted throughout the impoundment including the area of the barrier net. From that data, 

depth at the upstream deployment site was determined to be among the deepest locations of the 

impoundment (as specified by the plan describing the site selection for dissolved oxygen and 

temperature profiles) at around 14 feet or 4.5 meters. From similar experience, the depth of the 

downstream site was known to typically be from 3 to 4 feet (1 meter) during the study period. 

i t  METHODOLOGY 

m 

I t  

411 

For the Water Quality Monitoring Study, we followed the study protocol outlined in the 

licensee's monitoring plan prepared by its contractor, Mead and Hunt, filed with the 

Commission in November 1996, as modified in the order approving the plan issued April 10, 

1997 (Appendix A), with the exception of profiles and data collection every ten days rather 

than weekly, as noted above. This section details the methods we used for the 2001 component 

of the study under four subheadings: (1) Upstream Water Quality Profiles, (2) Upstream 

Temperaturc Monitoring, 0 ) Downstrtmm Ditmolved Oxygen and Teanlmmtu~ Monitoring, and 

(4) Data Mamgtantmt and Analysis. 

J 
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Ul~tmam Water Quality Profiles 

U ~  watea- quality was measured by means of a portablo YSI d/ssolvod 

oxygen/temperature probe connected by a cable marked at 0.5-mete~ intervals. According to 

the plan and its approving order, measures were requ/red at I-meter intervals. Measures of 

temperature and dissolved oxygen were taken approximately every ten days at the upstream 

site, starting May 31 when equipment was deployed and ending September 26, 2002, 

Two additionalprofiles were carried out for the month of February of the same year. Due 

to their timing the results were reported earlier this year, but after the Year 2001 report had 

been filed. These 2002 results are included with this report. 
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Upstream Temperature Monitoring 

In addition to affording a location for water quality profiles, the upstzeam site was the 

point of deployment for a temperature probe, Ryan TempMentor IL programmed to record 

temperature hourly. The temperature probe was factory calibrated before the study. The probe 

and datalogger, joined in a buoyant plastic cannister, were suspended from a weighted chain 

about 6 feet (2 meters) below the surface. Every two weeks, when the site was visited for 

pro files, the probe was checked to make sure it was functioning properly;, data was downloaded 

via a laptop computer at the end of the season. The unit collected data f~om June 1 through 

September 30. 

I 

a 

t i t  

I 

O 

a 

I 

Downstream Dissolved Oxygen and Temperature Monitoring 

Visits appmximamly every ten days coinciding with upstream profiles weum scheduled 

to service the Hydrolab Datasonde 3 probe deployed below the dam. The datasonde was 

programmed to measure dissolved oxygen and temperature hourly, as well as several related 

water quality and operational parameters. Standard service included calibration checks and 

downloading of data, as well as occasional programming for monitoring runs. Standard 

membranes were used for the unit's dissolved oxygen probe. Two datasondes were used during 

the course the study. Any interruptions in readings due to servicing were noted for purposes of 

data management and analysis. The units collected data from June I through September 30. 

The d o ~  site w a s  a steep sc ramble  down  a heav i ly  w o o d e d  h i l l~de  adjacent  to 

the hydroelectric facility, minimizing the opportunity for theft or destruction. For further 

protection, the unit was encased in an slightly oversized PVC tube with holes on the probe end, 

chained to a tree on the riverbank. Weights held either end of the tube down to prevent shifting. 

I 
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I 
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Data Management and Analysis 

Data collected from the profiles were placed in an Excel spreadsheet table for purposes 

of presentation and graphing. Percent oxygen saturation was calculated from temperature and 

dissolved oxygen using a nomogram published in the 1975 book Limnology (Robert G. Wetzel, 

W.B. Saunders Co., Philadelphia); results were placed in the same table. 

Whi:e Wa:er A~soc'~es. Inc. Page 4 
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The upstream temperature probe requires special software to communicate and download 

data. The result is two files associated with each download: a data file (basically a long suing 

of temperature measurements with no indication of time or date) and a header file (data 

manually entered in the tempmentor during setup and deployment, including the start time/date 

and interval). These two files together allowed preparation of Excel spreadsheet tables giving 

all hourly measurements of temperature, together with daily maximums, minimums, and 

averages. These results were graphed to show a line of points for daily average, with a vertical 

bar through each point giving the maximum and minimum readings for that day. The tables 

and graphs were formatted to display one month of data at a ~-ne. 

The downstream dissolved oxygen and temperature probe was slightly more sophisticated 

in its data handling than the upstream probe. The unit's internal data files allowed storing date 

and time with each reading. Nonetheless, the data had to be arrayed in an Excel spreadsheet 

table for proper presentation, including calculation of daily averages, maximun~, and 

minimums, and graphing. The graphs were the same format as those prepared for the upstream 

site. Any data loss due to sea'vicing was noted on the spreadsheeL The results were formatted 

to display one month of data at a time. 

A comparison of temperatures collected hourly at upstream and downstream sites was 

produced. First, a spreadsheet was created to show a long list of data points for the two sites. 

Second, the difference between downstream site and upstream site was calculated. Third, the 

resulting table was used to produce graphs, broken down by month, showing all the raw 

As an additional step, the diffe~mces were arrayed similarly to those tables and graphs 

previously described to present daily averages, maximums, and minimums of these differences. 

As this is the third and final year requiting reporting of monitoring results to FERC, we 

prepared analysis materials to compare deployments for each of the three study years: 2000, 

2001, and 2002. A graph showing both temperature and dissolved oxygen during the full 

monitoring season were prepared for each of the three study years. Another graph was prepared 

combining average daily dissolved oxygen measurements below the dam for the three years of 

daploymenL 

As indicated in the study plan, computer data are being provided to the agencies, MDNR 

and USFWS, as part of the submission for review. The format of the raw data presented certain 

limitations (for instance, the upstream monitor does not record date and time with the 

measurement). Also the fact that more than one unit and deployment bout were used during 

White Wolm" A~ociat~, Inc. Page5 
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the course of the study made it difficult to discern how the individual files make up the data set, 

without reviewing detailed records of service activity. For convenience of the reviewer, we 

compiled all the raw data into a single "processed raw" data file for each location, appended 

dateYl~e where necessary, and included any annotations useful to the reviewer. Besides these 

processed raw data files, the tabular and graphic presentations were also provided. The files 

provided at the review stage were all in Excel 2000 format. An accompanying README.XLS 

file describes all the individual files making up that submission. 

FINDINGS 

I 

at  

In this section, we describe our findings within the four categories just described under 

Data Management and Analysis in the Methodology section and considered in the past two 

years of reporting. In addition, discussion has been added that compares results from all three 

years of monitoring under the heading "Comparison of Results With Previous Study Years." 

g 

i 

I 

I 

I 
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Upstream Water Quality Profiles 

Measurements of dissolved oxygen and temperature at 1-meter intervals were taken 

weekly starting May 31 and ending September 26, 2002. The results of those measures and 

subsequent  calculat ion o f  percent  oxygen  saturat ion are preaented in Append ix  C. A t  no  t ime 

was there any dissolved oxygen readings below 5.0 mg/L (the exceedence limit) even near the 

bottom of the 4-meter range in depths, and readings were usually substantially higher. Week- 

to-week variance was likely caused by normal variation in the field equipment, despite regular 

calibration. Temperature readings ranged with the depth, from surface depth highs of 28.6°C 

to mid to bottom depth lows of 10.2 °C; these readings were compared to data from the remote 

temperature probe taken during the same time period. 

Two additional profiles performed February 2002 yielded dissolved oxygen readings 

varying firm 12.3 to 14.7 mg/L, with the average over the two visits across all ten readings of 

about 14 mg/L. Temperature always read 1.5°C or below. 

J 
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Upstream Temperature Monitoring 

Readings of the Ryan TempMentor, the unit responsible for upstream temperature 

measurements, were collected at a fixed depth of about 6 feet (2 meters) rather than taken as 

a profile across the water column as d e s ' b e d  in the previous section. Continuous hourly 

measures allowed presenting and graphing all data points fzom its deployment June 1 through 

the end of the study September 30. Temperature readings ranged fi-om a high of 28.9°C in 

early July to a low of 10.1 °C ;n late September, and averaged 20.5 °C for the entire span. The 

results are shown in tables and graphs for these four months (Appendix D). Monthly average, s, 

maximums, and minimums are presented in the following table: 

Up~ 

Year: 2002 

June 

July 

Average 

19.4 

Temperature (°C) 

24.5 

M ~ d m m  

26.6 

28.9 

M i n i m  

13.0 

20.1 

17.8 August 20.8 24.2 

September 17.1 23.5 10.1 

Downstream Dissolved Oxygen and Temperature Monitoring 

The Hydmlab DaIasonde 3 n=ponm'blc for downstnsam mcasm'e:~emts n:co~led 

dissolved oxygen in additionto ~ .  This reconton aconfinuous hourlybasis allowed 

presentation of the dam, in tabular and graphic forms, fzom the unit's deployment June 1 

tl~ough Septcmh~" 30. The results are shown for these four months in Appendix E 

(temperature) and Appendix F (dissolved oxyg:). 
Due to the servicing necessary to maintain this equipment, on scvcral occasions units 

were out of the water during time programmed for readings because a site visit was in progress. 

A "missing" reading is repre~nted by an asterisk (*) in the data tables. 

Early in June, it was clear that the unit initially deployed, while consistent and 

functioning, was incorrectly cah'brated. Independent checks using a handheld YSI dissolved 

oxygen meter at the regular service visits indicated measurements wore approximately 2 mg/L 

F~d.~ W~er Aasoc~cea, Inc. Page 7 
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below calibration. The standard specified by Article 404 is dissolved oxygen measurements 

of  5.0 mg/L or above, and the raw data indicated some excursions fi'om the standard on four 

occasions before the unit was replaced with a unit cah'brated in the laboratory. As this was a 

clear case of  a calibration problem, the agencies were not contacted. For data collected during 

the four periods starting June 1 and ending July 15, the data was corrected with a fixed 

correction factor, based on the difference between the YSI meter and the Hydrolab Datasond¢ 

(1.97, 1.9, 1.96, and 1.7, respectively) during those periods from deployment/cbeck. 

After deploying the new unit and throughout the remainder of  the monitoring, any 

difference between the YSI meter and the datasonde were considered gradual changes in 

calibration due to membrane fouling and were handled by a graduated post-correction factor, 

that is, i f  the YSI meter read higher by 1.65 at the check, then readinss from the previous period 

were corrected on an incremental (linear) basis so that earlier rcadings had the least correction 

and the last reading had the full correction. Specifically, the formula used was as follows: 

Actual reading + (difference * n / total number of  readings during the correction period) 

where: difference = YSI - datasonde reading at time of  check 

(a positive or negative value) 

and n = the number of  that reading in the correction period 

Starling July 15, when thls corr~tion method was first applied, the post-corr~ted 

values forDO were as follows: 1.65, -0.34, -0.53, 0.2, -0.59, and -0.97. Ontwo occasions no 

correction value was appfied on a range ofvalue~ wben the YSI mc-~r and the datasondc weac 

in close correspondence. The data files submitted to the agencies show both corrected and 

uncorrected values for dissolved oxygen, clearly mm-ked. Graphs and tables s~bmitted in 

Appendix F are all for corrected data. The monthly averages, maximums, and minlmums for 

temperature and dissolved oxygen are as follows: 

i 
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~ w n s ~ , a ~  Temperature (°~ 

Year:. 2002 Average Maximum Minimum 

June 19.67 27.17 13.21 

July 24.70 29.21 20.34 

August 21.09 24.48 18.08 

September 17.39 23.42 10.29 

Downstream 

Year:. 2002 

Dissolved Oxygem (rag/L) corrected 

Average Maximum Mini~luln 

June 8.64 10.64 6.86 

July 7.67 8.94 6.08 

August 6.92 7.82 5.77 

September 8.52 10.41 6.46 

Comparison Between Hourly Temperatures at Sites 

Continuous hourlytemlmature readings upstream and downsmmm o fthe dam allowed 

the comparisotm hour by hour between upstream and downstream sites. The data are pres~mted 

in tabular and graphic forms in Appendix G for the four months involved. In addition to the 

daily average% maximums, and minimums reported in those tables, the following is a table 

showing t h ~  differences compiled over a monthly baais: 

Delta Temperature °C (Downstream Minus Upst~'man) 

Year:. 2002 

June 

July 

August 

September 

Average 

0.6 

0.5 

0.5 

0.6 

Maximum 

1.1 

~%~i.uilmLtn 

-0.8 

-0.6 0.9 

1.1 -0.9 

0.9 -0.3 
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Delta temperature in this case means "downstream minus upstream" so a positive 

number indicates that the temperature downstream was higher than the temperature upstzeam. 

Looking at the averages in the previous table, it seems that unit(s) downstream tended to have 

higher readings (averaging f~m 0.5 to 0.6°C) but differences of this magnitude could be due 

to variations in tunings of the factory-calibrated units. Swings in the positive direction never 

exceeded 1.1°C. Swings in the negative direction (i.e., temperature upstream higher than 

temperature downstream) were as great as -0.9°C. At no time, did the "downstream minus 

upstream" temperature difference exceed the delta standard of 5°C. 

r i l l  

I 

I 

I 

410 

I 

a 

I 

m 

Comparison of Results With Previous Study Years 

The inverse relationship between temperature and dissolved oxygen is clearly evident 

in the first three graphs provided in Appendix H, showing the two parameters for each of the 

three study years. To generalize between the three years, the lowest dissolved oxygen readings 

always occurred between late July and early August. The fourth graph in Appendix H 

illustrates the basis for this statement. 

The study conducted last year, 2001, was the only period of the three years involved in 

the cuzrent monitoring study when dissolved oxygen excursions from the standard were 

reported in a formal incident report. Follow-up analysis reflected in correspondence included 

in last year's final report (and again this year) a s  Appendix I, concluded that the water quality 

standard of 5.0 mg/L was not exceeded and gave supporting evidence for this conclusion. 

Year 2000 results for temperature indicated readings lower than the subsequent years. 

Year 2001 showed high water temperature readings late in the summer, compared to 2002 

which showed highest temperatures early in the season. A span of high water temperature 

readings in August 2001 corresponded to historically high air temperature readings during the 

same period, in part responm'ble for the excursions reported and later explained together with 

cah'bration problems in correslxmdencc included in Appendix L 
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DISCUSSION AND RECOMMENDATIONS 

Water quality measurements for the entire 2002 monitoring season were within normal 

ranges expected of this study setting and time period. Dissolved oxygen and temperature 

profiles were typical, with both decreasing slightly with depth. Differences in temperattue 

readings upstream and downstream of the dam were low, less than 1.4°C, at all times. 

Dissolved oxygen readings below the dam never exceeded the standard of 5.0 mg/L, applying 

calibration factors determined through checks with independently cah'brated probes. 

This year's summary of results mirrors those of Lbe previous two years, 2000 and 200 I. 

The excursion reported in a special incident report in 2001 was later concluded to be primarily 

caused by a problem in calibration; procedures adopted this year for calibration and checking 

would have likely fiu'tber confirmed this conclusion and allowed more accurate representation 

of data from that year. 

The visits every ten days to service the d o ~  monitoring probe meant that any 

maintenance, cah'brafion, or exceedence problems were dealt with reasonably soon. The plan 

originally submitted to and approved by FERC calls for cah'brafion visits everytwo weeks and 

data download visits every week. 

Our recommendation in the draft report distn'buted to the MDNR and USFWS was that 

further monitoring be done on the frequency of every five years and confined to a one-month 

period from m/d-July to m/d-August. We proposed that the study be done in much the same 

manner as this year's application of the studyplan, with independent temp¢~mu'e measures and 

dissolved oxygen profiles conducted at the upstream site and a continuous monitoring dissolved 

oxygen and temperature probe stationed downstream. 

The MDNR responded to our draft report with the conespondence included in 

Appendix J. (Note that the USFWS did not respond within the timefi'ame required for this 

filing.) The MDNR's comments conctured with the recommendation ofa fiequency of every 

five years for monitoring, but suggested the agency would prefer the study period be two 

months rather than one month (mid-July to mid-August) suggested in the draft. We agree with 

their recommendation and suggest a two-month period including July and August. 
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Study Plan, Order, and Article 404 
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A Plan for Monitoring 
Dissolved Oxygen and Temperature Levels 

in the Paint River in the vicinity of the 
Crystal Falls Hydroelectric Facility 
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On October 18, 1995, the Federal Energy Regulatory Commission issued a license for 
the City of  C~stal Fails to continue to operate and maintain the 1,000-kilowatt Crystal 
Falls Hydroelectric Project, No. 11402, located on the Paint River in Iron County, 
Michigan. This license is subject to various articles. Among those articles, Article 404 
specifies that "Within 6 months of the license issuance, the Licensee shall file with the 
Commission, for approval a plan to monitor dissolved oxygen (DO) and temperatme 
levels in the Paint River downstream of the projecL This report is intended to provide 
the plans for implementation of the DO and temperature monitoring program in 
accordance with Article 404. 

Article 404 of the Commissious's license, requires that the water quality data (DO and 
temperature) would be compared to Michigan State water quality standards. According 
to these standards (R323.1041), the Crystal Falls hydroelectric project should not 
influence DO or temperature beyond specified limits as follows: a DO of at least 5 mg/l 
should be maintained; and a heat load shall not he received that would warm the waters 
at the edge of the mixing zone by morn than 5°C above natural water t e ~ ,  or 
greater than monthly maximums. 

A draft plan for monitoring DO and temperature was prepared and forwarded to the 
appropriate resource agencies for review in February, 1996. The Michigan Departments 
of Natural Resources and Environmental Quality prepared ajoint reply and the Fish and 
Wildlife Service concurred with their comments - these entities are h e r e ~  referred 
to as the "Agencies." A copy of the draft plan, and the Agencies' comments ate attached. 
The ~ intended to monitor dissolved oxygen and temperature in the Crystal Falls 
impoundment and at a downstream location only during the times when the activities 
related to the proposed Barrier Net Effectiveness Study would be in operation. This 
allowed the city to combine efforts and maintain study costs for water quality monitoring 
to within the FERC's proposed $15,000 cost estimate (FERC Environmental 
Assessment, page 65). This original plan has been substantially revised as follows to 
reflect the Agencies' comments and due to the fact that the original Barrier Net 
Effectiveness Study plan has also been substantially revised. 

n 
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We propose to continuously monitor both temperatu~ and DO in a mid-depth placement 
approximately 500 feet below the dam in the Paint River during the months of June 
through September. Additionally, temperature will be continuously monitored at a mid- 
depth placement in the Paint River approximately 500 feet upstream of the Crystal Falls 
impoundment area. A one-meter-increment profile of temperature and DO will be 
obtained fi'om the deepest part of the impoundment once a week during the months of 
June through September, and twice during the month of February. 

The water quality monitoring plan is proposed to take place in conjunction with the 
Barrier Net Effectiveness Plan. That is, the site visits used to perform weekly fisheries 
studies for the'effectiveness of the barrier net would be also used to download and 
mcaHbrate the continuous monitoring probes, and to conduct weekly profiles of the 
impoundment Thus, it is proposed to conduct the water quality monitoring plan during 
the same two years that are proposed for the Barrier Net Effecfveness Study. 

We propose to use Hydrolab DataSonde HI probes for temperature and DO monitoring. 
The probes would be calibrated according to the manufacturers recommended procedure 
every two weeks throughout the continuous monitoring period. The continuous 
monitoring probes would be recalibrated bi-weeldy throughout the deployment period 
and the profiling probe would be calibrated prior to each sample. 

Schedule 

Continuous monitoring would record temperature and DO hourly during the deployment 
period. The profile of the impoundment would produce instantaneous data. It is 
proposed to conduct waler quality monitoring for a period of two years. /.fat no time 
within this two year period the water quality standards have been exceeded the Crystal 
Falls Hydroelectric Project should be considered as not having the potential to violate 
state water quality standards and water quality monitoring would be discontinued. If, 
however, at any time during the monitoring period, water quality standards axe 
substantially exceeded, the applicant shall inform the Agencie~ of the deviation fi'om the 
established limits and, in consultation with the Agencies, the applicant may modify the 
water sampling procedures to more closely verify the extent and source of the water 
quality problem and success of any mitigation procedure. 

. 

Revortin= and Comoli~[lc:e 

[t is intended to download temperature and DO dam from the continuous monitoring 
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probes weekly throughout the deployment period. At each download, it will be 
determined if there has been a violation of the water quality standards during the 
preceding week, and if this violation is still occurring; if so, the Agencies would be 
immediately notified by telephone and procedures to mitigate the violation would be 
attempted. If there is a violation of the 5 mg/L dissolved oxygen level at the downstream 
location, it is proposed that the most likely procedure would be to implement spillage 
from the impoundment surface waters to aerate the water below the dam. If this plan is 
invoked, the downsu'eam dissolved oxygen levels would be downloaded daily to monitor 
the success of this effort. The amount of spillage would be modified according to the 
success of this effort in increasing theDO as determined by the daily monitoring. The 
Agencies would be kept appraised of this effort. We have no plan, nor has the Agencies 
offered a solution, to mitigate any violation of  the Delta Temperature Standard. It is 
proposed to report any violation of the Delta Temperature Standard to the Agencies 
immediately ui~on its discovery and at that time determine what, if any, solution might 
exist to the problem. 

In addidon to the above reporting procedures, we would prepare an annual report to the 
FERC and the Agencies. This report would include a computer diskette with all raw 
data from the continuous and weekly monitoring efforts. In addition to the raw data, a 
summary of the data by daily average, minimum, and maximum DO, and temperature at 
the continuous monitoring sites and weekly profiles from the impoundment would be 
provided. This report would also include an upstrean~downstremn comparison of  the 
Temperature Delta Standard. 

Agency Comments 

The agency recommendations have been accommodated into our revised plan as follows: 

a) Monitoring locations and equipment. We have added a site upstream for tempenUmre 
mensurements. We intend to calibrate our probes according to the manufacturem 
recommended procedure. We do not andersmnd their request for a 70% data quality goal 
- all continuous monitoring probes would be recah'brated hi-weekly regerdiess of  their 
accuracy to a calibration standard. We have agreed to monitor at one-meter intervals 
within the deepest part of the impoundment once a week from June through September. 

b) Monitoring Schedule. We propose to monitor temperatu~ and DO only during the 
months of Jane through September. It is unlikely that DO would be less than 5 mg/L 
during May or October and continuous monitoring during winter months is not feasible 
due to extreme weather conditions which would make access and equipment 
malfunctioning a problem.. We will agree to provide a temperature and DO profile oftbe 
impoundment twice during the month of  February to determine if there exists a potential 
for ice cover to deplete DO within the impoundment during the period of this event's 
greatest likelihood. 
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c) Data Repotting. We propose to provide an annual report to the FERC and the 
Agencies. This report would include a computer diskette of all raw data and a graphical 
and tabular presentation of daily minimum, maximum, and average temperature and DO 
values as measured during the previous year. This report will also note any violations of  
the Delta Temperature Standard or DO violations and rationale for any lapses in the data. 
We do not propose to measure any other water quality parameters as suggested such as 
stream flow, chlorophyl level, or instrearn chemistry. We do not understand what is 
meant by the recommendation for "instantaneous" comparisons of  temperature values. 

d) Uetection and Notification. Data would be downloaded weekly fi'om the continuous 
monitoring probes (at the time of the weekly temperature/oxygen profile of the 
impoundment). The comment of the Agencies seems to suggest that an hourly 
downloading and reporting is preferred but we do not understand how this is possible. 
Other than the'annual report described above, no other reports would be made to the 
agency unless there is a recorded violation of  the water quality standards. If such a 
violation in either the Delta Temperature Standard of  the 5 mg/L DO limit is found, then 
the Agencies would be immediately notified by telephone and a remediation or 
mitigation procedure would be invoked. We would, as suggested, notify both the Chief 
o f  Surface Water Quality Division of the Michigan Department of Environmental 
Quality, and the FERC Program Manager for the Michigan Department of  Natural 
Resources within one working day of any detected water quality standard violations. 

e) Mitigative measures. If water quality standards are violated we intend to notify and 
work with the Agencies to mitigate those violations. The exact nature of tbe mitigation 
measure would depend upon the significance of  the violation and the environmental 
conditions contn'buting to or otherwise affecting the ability of the applicant to remediam 
or mitigate the violation. 

f) Initial monitoring period. We disagnm with the requirement for long term monitoring. 
An initial period of  two years should be adequate to assess whether there exists the 
potential for significant effects of  the hydropower facility on the Paint River water 
quality. Furthermore, the FERC Environmental Assessment concluded that the water 
quality monitoring plan should cost about $15,000. It is our estimate that the plan we 
have proposed will somewhat exceed that estimate. To extend the monitoring plan 
beyond two years would substantially and unreasonably exceed that estimate. Extended 
monitoring is regarded as necessary.only iftbe initial two-year monitoring indicates that 
there is potential for significant water quality degradation from the hydropower 
operations that warrant further monitoring to develop and/or monitor long-term 
mitigation me~ures. 
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UNIT am BTATI~ OP ~ R I C A  
FRnEp~L ENE2G~ REG~I£TO~¥ C O ~ I ~ I ( ~  

c i t y  o f  C r y s t a l  F e l l s  ) P r e S s e S  Me. 11403-O13 

ORDer APPWOVING WA51~q QU&LXT~ MONITORING PLAN 

( I | l u e d  A p r i l  10 ,  1997 ) 
C i t y  o f  c r y s t e l  P o l l s  ( I i o m n a a e )  t i l e d  f o r  C o m m i u i o n  

a p p r o v a l ~  o n  November  l g ,  1991 ,  a n d  m q ~ p i e m e n t e d  o n  ~ovember  30 ,  
1996,  m v o t e r  q u a l l t ~  m o n i t o r i n g  p l a n .  T h i s  p l a n  i s  r ~ q u l r o d  by  
a r t i c l e  404 o f  t h e  l l o e n a e  f o r  t h e  C r y s t a l  F e l l s  P r o j e c t ,  i s s u e d  
on October I I ,  1999. 11 ?he p r o J ~ t  i s  l o c a t e d  on the P a i n t  
R i ve r  i n  I r o n  COUnty, Nl(~higen. 

Article 404 requires t h e  l l o a n s e e  t o  ~ o n l u l t  w i t h  Ri~higen 
D e p a r t m e n t  o f  Ratural R e s o u r o t s  (H~dR) a n d  t h e  u . ~ .  F i s h  e n d  
W i l d l i f e  S e r v i c e  (~dS) e n d  d e v e l o p  a p l a n  t o  m o n i t o r  d i s s o l v e d  
oxygen c o n c e n t r a t i o n s  (DO) and w a t e r  t e m p e r a t u r e  l e v e l s  s t  t h e  
p r o ~ a o t .  ~1 

LICS~eS~E'9 PROPOR~D PLAN 

The l i c e n s e e  p l a n e  t o  m o n i t o r  Oo f o r  t w  y e a r s  i n  
c o n j u n c t i o n  w i t h  J l sp lemsnta t ion  o f  the  l i c e n e s e , s  b a r r i e r  n e t  
s t u d y .  3 /  S p e o i t i c e l l y ,  t he  l i©enaee  p r o p o s e s  t o  o o n t i n u o ~ e l y  
m o n i t o r  w a t e r  t ~ e r a t u r s  and DO a t  m i d - d e p t h  8 p p r o x i m t t . s l y  aS0 
f e e t  do~na t r0& l  of  t he  de•  sod a p p r o x i m a t e l y  SO0 f e e t  upst ream of  
the  i,qpoundment (wa te r  t empe ra tu re  o n l y )  frmm June  t h r o u g h  
September. o n e - ~ t 0 r  i nc rement  p r o t i l e s  o f  w a t e r  t empera tu re  and 
DO w i l l  be  t a k e n  o n ~ s  I r eek  a r m  J u n e  t h r m ~ h  8 e p ~  end 
t w i c e  d u r i n g  t h e  ~ o n t h  o f  F e b r u a r y  f o r  w a t e r  t e m p e r a t u r e  a n d  DO. 

The l i c e n s e e  p l a n e  t o  us~  R y d r o l a b  D e t a a o n d e  I l l  p r o b e ~  f o r  
t h e  w a t e r  q u a l i t y  m o n i t o r i n g ,  w a t e r  t e m p e r a t u r e  end DO v i i i  be  

£ /  ;3 FSRC $ S l , S l a .  Bee a l s o  Order on  R e h e a r i n g .  i s s u e d  on 
Way 17 ,  199S (7S y l~C 5 S 1 , 1 7 4 ) .  

2 /  s t a t e  s t a n d a r d s  r n g u i r e  8 DO o f  a t  l e ~ m t  9 m i l l i g r a u m / l i t m r  
( ~ q l l )  end t he  wa te rs  d c ~ n e t r m  s h e l l  no t  re~eLve a h e a t  
l o a d  t h a t  would  warm t h e  r e c ~ I v l n q  w a t e r  a t  t he  edge o f  t h e  
n i x i n g  l one  by ~ r e  than  S" • above n a t u r a l  wa te r  
t empera tu res .  ~ u r t h e r ,  t h e  P a i n t  R i v e r  s h a l l  not  r e c e i v e  a 
h e a t  l o a d  t h a t  wou ld  warm t h e  r ~ i v i n g  w a t e r  a t  t h e  e d g e  o t  
the  m i x i n g  zone t o  teqpermtu ree  greeter then =~nthly 
e&ximume. 

2 /  T h i s  p l e a  was a p p r o v e d  i n  t h e  o r d e r  Nodtfyinq end Approving 
Plan  f o r  t h e  I n s t a l l a t i o n  and ~ i t o r l n ~  o f  • B a r r i e r  N e t ,  
i s s u e d  on Nay IS,  199S (TS P ] ~ C  5 d 3 , 1 0 3 ) .  
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reco rded  h ~ a r i y  d u r i n g  t h e  ~ n i t o r i n g  p e r i o d .  ?he l i c e n s e e  p l ane  
t o  c a l i b r a t e  t he  o o n t i n u o u l  m o n i t o r i n g  probes eve ry  two weeks 
d u r i n g  t h e  m o n i t o r i n g  p e r i o d  e n d  t h e  p r o f i l e  p r o b e s  p r i o r  t o  e a c h  
sample,  a c c o r d i n g  t o  m a n u f a c t u r e r , s  i n s t r u c t i o n s .  

The  l i c ~ n n l s a  l e n s  t o  doqdnlc~Jd IX) a n d  v i s o r  t e m p e r a t u r e  d a t e  
week l y .  A t  t h i s  t~ae ,  t h e  da ta  w i l l  be  rev iewed t o  de te rm ine  i f  
I d e v i a t i o n  f r o ~  s t a t e  l t ~ n d a r d l  h a s  o c c u r r e d .  I f  8 d e v i s e | o -  i n  
DO o r  m a t e r  t e m p e r a t u r e  o c c u r s ,  t h e  l a t o n a ,  as  p l a n s  t o  i n f o r i  t h e  
agor~=iae i m m e d i a t e l y  e n d  d e t s r n i n e  w h a t ,  i f  a n y .  m i t i g a t i v e  
~ t e s e u r a e  a r e  n e o e s s e r y .  I f  a d d i t i o n a l  s a u t e s  e r e  l ~ l a s e n t a d ,  
t h e  l i o e n ~ e  p l a n s  t o  d o w n l o a d  d a t e  d a i l y  t o  more  a l o a e l y  m o n i t o r  
changes i n  w a t e r  q u a I i t y  I n  response t o  t h e  H a a u r e e  implemented.  
I n  t he  even t  o f  DO f e l l i n g  be low s t a t e  s t a n d a r d s ,  t he  l i c e n e L e  
p lans  t o  i n c r e a s e  e p l l l l g e .  I f  w a t e r  t e l ~ p e r l t u r e  s t l n d l r d s  a re  
exo¶e.d, o d , . t h e  l i c e n s e e  p l a n e  t o  l m d i a t e l y  c o n t a c t  t he  agenc ies  
co a s t s r s l n a  what~ i f  any,  s i e u r ,  can be t a k e n .  

Yhe l i c e n s e e  p l a n e  t o  subm i t  • r e ' po r t  t o  t he  agenc ies  an~ t o  
t he  Commission sash yea r  o f  t he  t w o - y e a r  u o n i t o r i n q  p e r i o d ,  q h i s  
r e p o r t  w o u l d  i n c l u d e  DO e n d  w a t e r  temperature d a l l y  a v e r a g e s ,  
minimum and maximums,  end DO end w a t e r  t e m p e r a t u r e  p r o f i I e  d a t a .  
The r e p o r t  w o u l d  a l s o  p r o v i d e  c o m p a r i s o n s  b e t w e e n  u p s t r e a m  e n d  
d o d ~ n l t r e l l  w a t e r  t e e p e r a t u r e .  I f  a t  n o  t i m e  w i t h i n  t h e  t w o - y e a r  
• o n i t o r l n g  P e r i o d  t h e  w a t e r  q u a l i t y  s t a n d a r d s  h a v e  b e e n  e x c e e d e d ,  
t h e  l i osnems  w i l l  c o n s i d e r  t he  p r o j e c t  t o  have no adverse  e f f e c t  
on w a t e r  q u a l i t y  and  v a i l  d i s c o n t i n u e  t h e  s ~ n i t o r l n ~ .  

AGENCY CONN I Ih ' f  B 

The  MDN~ c o m w n t n d  did°n thenotproposed  p l n n  i n  i l e t t e r  d a t e d  
A p r i l  1, 1996 .  The FH8 p r o v i d e  c o m m e n t s  o n  t h e  p r o p o u n d  
p l a n .  

The ~ race.mends t h e  I m n i t o r / n ~  P e r i o d  ex tend  f r m s  ~8y-  
October  f o r  a t  l e a s t  t h r e e  yea rs .  A f t e r  t h r e e  yea rs ,  t h e  
l i c e n s e e  may r e q u e s t  t o  change t h e  f r e q u e n c y  of  n o n i t o r i r ~ .  The 
MOHR a l s o  reoom~ene~E t h a t  w a t e r  t e m p e r a t u r e  be m o n i t o r e d  
o o n t i n u o u s l  g i v e n  t h a t  v i o l a t i o n s  c o u l d  o c ~ u r  I n  a n  e e a s m n :  
N o n i ~ o r i n q  ~ o c s t i o n s  s h o u l d  be  8 e l e c t e d  I n  c o n s u l t a t i o n  w i t h  
NO~R. 

The WO~R r e q u e s t s  that a l l  monitorlnq equirment be validated 
w i t h  a n  i n d e p s m l s n t  m a a s u r e u n t  s y s t e m  s u c h  e8  s N a t i o n a l  B u r e a u  
o~ S t a n d a r d s  t h s r m o m m t e r  f o r  t e m p e r a t u r e  a n d  • W i n k l e r  a n a l y s i s  
f o r  CO a t  t h e  e n d  o f  each u n a t t e n d e d  m o n l t o r i n q  P e r i o d .  P u r t h e r °  
70 p e r o e n t  o f  t he  DO d a t a  s h o u l d  be v e r i f i e d  as a c c u r a t e  to  
w i t h i n  I m i l l i q r a m l l l t e r  ( ~ / 1 )  o f  t he  t r u e  ~o v a l u e .  Weekly 
ee rv |oe  v i s i t s  shou ld  be schedu led  f o r  q u a l i t y  eseuranc~.  
F u r t h e r ,  t h e  H~HR e u q q e e ~  8 r e a l - t l ~ e  e v a l u a t i o n  o f  t h e  d a t a  t o  
p r o v i d e  f o r  immediate d e t e c t i o n  o f  8 d e v i a t i o n  f r o m  s t a t e  
l t a n d a r d l .  
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R e g a r d i n g  r e p o r t s ,  t h e  ND~R r~qM~M~tl t b e t  00 V&I~S 
c o m p a r e d  h o u r l y  t o  t h e  s t a t e  DO s t a n d a r d  l e d  d e l t a  t e ~ p e r l t u r e  
v a l u e s  be  c o m p a r e d  i n s t a n t a n e o u s l y .  P l a u s i b l e  e x p l a n a t i o n s  f o r  
a ny  d e v i a t i o n s  s h o u l d  be  p r o v i d e d  i n  t h e  r e p o r t s ~  e l o ~  w i t h  8 
d e i c r l p t i o a  o f  t h e  e f f e c t i v e n e s s  o f  l a y  ~ e a s u r u  implemented t o  
improve  w a t e r  q u a l i t y .  Ymm ~ e l s e  r ~ q u e s t s  quarterly 
t r a n s m i t t a l s  o f  r a w  da ta  a l o n g  w i t h  I n f o r m a t i o n  p e r t a i n i n g  t o  t h e  
~ e l i b c a t l o n  o f  equ ipment  d u r i n g  t h a t  q u a r t e r .  

Other  cmmente  by ~ were i n c o r p o r a t e d  i n t o  t he  l i c s n s o e . s  
p r o p o s e d  p l a n .  

DIGCUSSlON 

The l i c e n s e e ' s  p r o p o s e d  w a t e r  q u a l i t y  u m n i t o c i n g  p l a n  
i n c l u d e s  those r e q u l r e s ~ n t 8  s t i p u l a t e d  i n  a r t i c l e  404 a t  t h e  
i l c e n s e .  I o p l m n t e t i o n  o f  t h e  p r o p o s e d  p l a n  s h o u l d  e n a b l e  t h e  
l i c e n s e e  t o  m o n i t o r  t h e  e f f e c t s  Of p r a J e c t  oIperetio~l On w a t e r  
t empera tu res  end DO. C a l i b r a t i o n  o f  t he  ~ o n i t o r i n g  e~ai l~aent 
acco rd ing  t o  m a n u f a o t u r e r . s  reoo~meodekioms, e l  proposes by t h e  
l i c e n s e e °  s h o u l d  be  a d e q u a t e  t o  e n s u r e  a c c u r a t e  d i e •  a r e  
c o l l e c t e d .  To t h e  e s t e n t  p r a c t i c a b l e ,  t h e  l l o e n ~ e e  s h o u l d  o h a o ~ m  
a o n l t o r l n g  l o c a t i o n s  i n  ~ o o r d l n a t i o n  v l t h  t h e  ;~D#R and  ~ 4 8 .  

h r t i c l e  404 o f  t h e  l i c e n s e  s t a t e s  t h e  purpose o f  the p l a n  i s  
t o  e n s u r e  t h a t  w a t e r  q u a l i t y  b e l o w  t h e  p r o j e c t ,  
, . . d l a t s l y  d mtr., of  . .  pro a.t i s . . . ,  
H i c h i g e n  e t m n d e r d m  f o r  DO sod  w a t e r  t e m p e r a t u r e .  ~ t a e r ,  
a r t i c l e  404 r e q u i r e s  t h e  l i c @ ~  deve lop  o p e r a t i n g  p r o c e d u r e . ,  t o  
a d d r e s s  when d e v i a t i o n s  f r o m  s t a t e  s t a n d a r d s  o o c ~ r .  

N o n i t o r l n g  f r e e  June-September ,  ms p r o p o s u d  b y  t h ~  ) i c ~ n s e i ,  
s n c o n p a s s e 8  the p e r i o d  when w e r a s r  t r s t u r e a  a r e  e ~ l ~ c t e d ,  
thus a f f e c t i n g  I c y  DO. T h e r e f o r e ,  dewey'@Cations f rms  mthts  
s t a n d a r d •  s h o u l d  b@ d e t e c t e d  upon i n p l e m e n t e t l o n  o f  t h e  
l i c e n i e e t s  p r o p o s e d  p l a n .  ) t o . e v e r ,  m o n i t o r i n g  f o r  o n l y  two 
V o l t s ,  I s  proposed by t he  l i c e n s e e ,  w i l l  no t  N e t  t h e  r p o s l  o f  
the  p l a n .  A r t i c l e  404 requires m o n i t o r i n g  t o  e n s u r e  s ~ t e  w a t e r  
q u a l i t y  s t a n d a r d s  a r e  M r .  ~ l e  l i c e n s e s  canno t  n e s t  t h i s  g o a l  i f  
m o n L t o r i n g  iS  d l s o o n t l n u e d .  

c o m m i s s i o n  stiff acknowle0~es t h a t  w a t e r  q u a l i t y  date 
c o l l e c t e d  p r i o r  t o  l i c e n s i n g  i n d i c a t e  p r o J m o t  e t~ rmt io~a  do not 
r e s u l t  I n  v i o l a t i o n s  o f  t he  s t a t e  w a t e r  q u a l i t y  atsede~de,  i /  I f  
a f t e r  i m p l e ] m n t a t i o n  o [  m o n i t o r i n g ,  t h e  d a t a  s t i l l  i e d i o i t s s  t h a t  
p r o ~ e c t  o p e r a t i o n s  do  n o t  a d v e r s e l y  a f f e c t  w a t e r  q u a l i t y  i n  t h e  
p r o j e c t  a rea ,  t he  l i c e n s e e  N y  f i l e  a r e q u e s t  to  mod i fy  t he  water 

l /  8we the  K n v i r o n s e n t a l  Assesmnt f o r  A p p l i c a t i o n  f o r  ~Losnse 
f o r  t he  c r y s t a l  F e l l s  P r o j e c t ,  Is~Mud on October  l | e  l gg5  
( 7 3  F E ~ C  ~ 6 2 . 0 3 6 ) .  
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q u a l i t y  m o n i t o r i n g  p l a n ,  8a recommended by  t h e  HDHR. any 
r e c o m N n d e t i o n s  t o  emend t he  w a t e r  q u a l i t y  ~ o n i t o r t n q  p l a n  
shou ld  be f i l e d  f o r  c o ~ l s e l o n  a p p r o v a l ,  am d i scussed  be low.  

P r o v i d i n g  • rmue l  r e p o r t s  t o  t he  agenc ies  end l m m u l i a t e l y  
cont•cti~ t h e  PW8 end I~)HR upon d e t e c t i o n  of  any d e v i a t i o n  from 
t h e  s t a t e  s t a n d a r d s ,  e a  p r o  s e e d ,  s h o u l d  r o v l d v  t h e  e q e n c l e a  
w i t h  t he  r e s u l t s  of  t h e  ~ o n ~ t o r i n g  i n  8 t ~ a e l y  stunner.  These 
r e p o r t s  s h o u l d  i n c l u d e ,  t o  t h e  e x t e n t  i ~ s e i b l a ,  e x p l a n a t i o n s  f o r  
any d e v i a t i o n s  l e d  t h e  a t t e c t l v e n e s 8  o~ any measures implemented 
to improve e a t e r  q u a l i t y ,  I s  recommended by HD~R. 0 u e r t e r l y  
reports o f  e a t e r  quality da ta ,  18 reques ted  by  N~NR, a re  no t  
nooeeear~.  The l i c e n s e e  d i d  n o t  p r o v i d e  • schedu le  f o r  
I ~ b ~ l t t l l l ~  theme r e p o r t s  t o  t h e  egm~3lml o r  t o  t he  Co.omission. 
The l l c e r m e e  s h o u l d  p r o v i d e  a n n u a l  r e p o r t ( e l  to t hese  Agencies by 
0@cdmber 15 s t  each yea r  of  m o n i t o r i n g .  

I t  18 o n l y  necessary  t o  p r o v i d e  the  annua l  r e p o r t  to  t he  
Com~leelon f o r  t he  f i r s t  t h r e e  years  of  m o n i t o r i n g .  Our r e v l e J  
o f  t he  a n n u a l  r e p o r t  f o r  a t h r e e  ea r  p e r i o d  v i i i  a l l o w  us to  

• l~mte  v • t e r  q u s l t t y  d u r i n g  p ro~eo t  ope r • t i oneo  The annua l  
r e p o r t  to the C m m i m m l o n  s h o u l d  be  f i l e d  by  F e b r u a r y  15 o r  t h e  
year  f o l l m ~ l n q  ~ o n i t o r i n g .  The f i l i n g  s h o u l d  i n c l u d e  agency 
commnte ,  t h e  l i c e n s e e ' s  response t o  agency comments, and any 
r~commondmt ionm,  f o r  c o m m i s s i o n  a p p r o v e 1 ,  f o r  modlfyinq o r  
d i s c o n t i n u i n g  w a t e r  q u a l i t y  m o n i t o r i n g .  Each  a g e n c y  s h o u l d  be  
g i v e n  ] 0  de m to  c e m e n t .  Z f  t h e r e  a re  no changes to t he  wa te r  
q u a l i t y  ~ o n ~ t o r l n g  p l e a ,  t he  l i c e n s e e  s h o u l d  c o n t i n u e  to  p rov ide  
t he  annua l  r e p o r t s  t o  t he  c o n s u l t e d  agenc ies  8e i d e n t i f i e d  i n  the  
l i c e n s e e ' s  proposed l • n .  So that t he  commission can mon i t o r  
~ l l a n c e  w i t h  • r t ~ l e  I01 ,  t he  l i c e n s e e  shou ld  n o t i f y  t he  
C o l ~ i e e l o n  o f  any d e v i a t i o n  f rom the  etate s t a n d a r d s  t a r  ~ and 
w a t e r  t e a p e r e t u r m .  

The ~ R  r e c o m n d 8  t he  l i c e n s e e  ana l yse  da te  I n  r e a l  t ime  
t o  l m d l • t s l y  d e t e r m i n e  i f  • p rob lem i n  w a t e r  q u a l i t y  e x i s t s .  
The l i c e n s e e  proposes t o  r e t r i e v e  da ta  b i w e e k l y .  G iven  t h a t  t ' e  
a v a i l a b l e  da ta  i n d i c a t e s  no  e x l m t i n q  w a t e r  q u a l i t y  p r o b l m ,  a:. 
d l e o u s s u d  a b o v e ,  t h e  l i c e n s e e ' s  s c h e d u l e  a p p e a r s  a d e q u a t e .  
F u r t h e r ,  ~han t h e  l i c e n s e e  d o e s  d e t e c t  s p r o b l e m ,  t he  l i c e n s e e  
p l an8  t o  r e t r i e v e  da ta  d a i l y ,  a f t e r  c ~ n t a o t i n g  t he  agenc ies  t o  
d e t s r l s i n e  what m m a s u r e e  s h o u l d  be  I m p l e N n t e d  i n  e f f o r t s  t o  
i ~p rove  e a t e r  qual i ty.  T h e r e f o r e ,  t h e  l i c e n s e e  can t i m e l y  no te  
any i~rovmnts i n  e s t e r  q u a l i t y  r e s u l t i n g  from any N l s u r e e  
imp lewen tsd .  

The l i c e n s e e  p r o p o s e s  t o  c o n s u l t  w i t h  t h e  I ~ 8  a e d  NDNR to  
d e t e r n l n e  wha t  N e s u r a s  • r e  a p p r o p r i a t e  in e f f o r t s  to i ~p rove  
wa te r  q u a l i t y .  The l i c e n s e e  s p e c i f i e s  that the most l i k e l y  
m a s t s  t o  improve DO i s  t o  i n c r e a s e  s p i l l .  T h i s  s h o u l d  be 
adequate .  HoWever ,  I f  a d d i t i o n a l  e s e u r e a  a re  necessa ry ,  o r  i f  
t he  p ~ r t l e 8  d i s a g r e e  o n  which  H • s u r e s  a r e  a p p r o p r i a t e ,  t he  
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cmmission should determine ~i~, if any,  addlti~l ~ a s u ~  
• re  nncenenr~ t o  improve ~ a t s r  q u a l i t y .  

The l i c~naes 'e  wa te r  Q u a l i t y  m o n i t o r i n g  p l a n ,  v i t h  t h e  
x ~ d i f l c a t J o n ~  d i s c u u e d ,  s h o u l d  b e  a d e q u a t e  t o  moni tor  t h e  
r e q u i r e m e n t s  o f  a r t i c l e  404 at~l ehou l4  be e p p r ~ e d 0  

g ] ~ L ~ r a c t o r  o r d e r s  t 

(&) The l i c e n s e e ' s  ~ t a r  q u a l i t y  m o n i t o r i n g  p | i n ,  f l l ~  
w i t h  t he  c o u l e e • o n  on N e v e r  19, 1996, and l u p p l e l m n t e d  on 
November 30, 1996, a s  mod i f i ed  i n  p a r a g r a p h  ( B ) , - ~ e  a p p r o v e d .  

( E l  The l i c e • l e e  • h a l l  ~ o n i t o r  d i e ~ l v e d  oxygen  
c o n c e n t r a t i o n s  and w a t e r  t~mpera tu re  a t  t h e  p r o j e c t  ~or t h e  
rema inder  o f  t h e  l i c e n s e  t e r l .  The l i c e n s e e  • h a l l  f i l e  a n n u a l  
r • p o r t •  w i t h  t he  Co~ l iemlon f o r  t he  ~irst t h r e e  yea ts  o f  
m o n i t o r i n g .  T h e s e  r q p o r t e  s h a l l  be  f i l e d  b y  F e b r u a r y  15 o f  t h ~  
y e a r  f o l l o w i n q  m o n i t o r i n q  a n d  s h a l l  l ~ o l u d e  ~ q e n c y  c®m~sntm, t h e  
l i c e n • e • ' e  r e s p o n s e  t o  a g e n c y  comments ,  end  any  r e o o ~ m e n d e t i o o a ,  
f o r  commiss ion  i p p r o v s l ,  on modifying the w a t e r  q u a l i t y  
m o n i t o r i n g  p l • n .  

(c)  If oo o r  ~ t e r  t e m p o r e t h r s ,  a s  m e u u r e d  by the  a p p r o v e d  
m o n i t o r i n g  system, lille be lo~  t h a t  r e q u i r e d  by a r t i c l e . 4 0 4 ,  t h e  
l i c e n s e e  s h a l l  f i l e  a r e p o r t  v i t h  t he  Commies/on w i t h i n  30 days 
o f  t he  da te  t h e  data  becowla a v a i l a b l e  i n d i c a t i n g  I n  i n c i d e n t  hem 
o a c ~ r r l d .  ~ r ~ p o r t  shou ld ,  t o  t h e  ~xken t  p o s s i b l e ,  i d e n t i f y  
t he  csuao,  s e v e r i t y ,  and ~mrs t i on  o f  t he  i n c i d e n t ,  aM any 
observed o r  r e p o r t e d  adverse e n v i r o n ~ e n t a l  i l ~ e c t l  r e s u l t i n ~  from 
t h e  i n c i d e n t .  The  r e p o r t  s h o u l d  a l s o  i n o l U d e l  (1) o p e r a t i o n a l  
d a t a  necessary  t o  d e t e r s • a s  ~ m ~ t i a n ~  v i t h  e ~ t l c l e  40~) (2)  i 
d e s c r i p t i o n  o f  any ~ o r r ~ t i v e  l l l l i t l r e l  i lqpllmmnhed a t  t h l  t iara o f  
occu r rence  end t he  measures implemented o r  proposed to ensu re  
t h a t  s i m i l a r  i n c i d e n t s  do n o t  r i c e r ;  and (3) ~ammente o r  
cor respondence ,  i f  any,  r e c e i v e d  t ram t h l  r ~  a g e n c i e s  
r e g i r d i n q  t h e  i n ~ i d e n t .  Eased on t he  r e p o r t  and the  Coa~iseion*m 
e v a l u a t i o n  o f  t h e  i n c i d e n t ,  t h e  Cam•so•on  s h a l l  ~ m e r v e  t h e  
r i g h t  to  r e q u i r e  l e d • t a c i t • o n e  t o  p r o j e c t  f l c i l i t i ~ l  i n~  
o p e r a t i o n s  t o  ensu t s  f u t u r ~  c c e ~ l i a n c a .  

(D) U n l ~ s  otbe~-~iee d / r e s t e d  i n  t h i s  o r d e r ,  t h e  l i c e n s e e  
s h a l l  f i l e  i n  o r i g i n a l  end maven o o p i e l  o f  any  f i l i n g  r e q u i r e d  by 
t h i s  o r d e r  w i t h :  

Yhe d o o r e t a r y  
P e d e r a l  ~ n e r g y  R e g U l a t o r y  C o s ~ i l e i o n  
N a i l  ~ o d a :  D L ~ ,  N L - l l . ~  
l i B  F i r s t  8 t r e s t ,  N I  
~ • e h i n g t o n ~  Oc ~0436 
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I n  I d d l t i o n ,  t he  l i c e n s e e  s h i l l  se r ve  cop ies  o f  t hese  
f i l i r ~ e  on a~y e n t i t y  s p e c i f i e d  I n  t h i s  o r d e r  to  be c o n s u l t e d  on 
~ a t t a r s  r e l a t e d  t o  theme f i l i n g s .  Prno f  o f  s e r v i c e  o .  t hese  
e n t i t i e s  s h a l l  accompany t he  f i l i n g s  w i t h  t h e  C o l a l e l l o n .  

( I )  Yh ie  o r d e r  c o n s t i t u t e s  f i n a l  • ency a c t i o n .  Requests 
f o r  r e h e a r i n g  by  t h e  ~ o u i a e l o n  amy be f ~ l e d  w i t h i n  30 days o f  
t he  da te  o f i e e u a n c e  o f  t h i s  order~ p ~ r s u s n t  to  CFR ! ~85.?1~.  

&ct Lag D i r e c t o r  
O f f i c e  of  I l y d r o p c ~ e r  L i c e n s i n g  
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~ .  M£thln • months a t  ILcen•e  L i • u • n c e .  t h e  
~Lcensss • h a l l  £~1• w i t h  t h e  ¢ o m ~ s • i a n ,  ~or • p p r a v s l .  • p l a n  t o  
n.~n/~ot  d i s s o l v e d  oxygen (DO) and tespe ra tu~s  l e v e l s  I n  t h e  P a i n t  
R~ver daY•st ream s t  ~he pro~mct .  

Taa p u : p o • •  s t  thLs ~mn£to=lnq p l a n  ~s to  snmu~e that 
sara•maX•w• be lo~  the  p ro~•c~ ,  • I  ~essurnd J a a e d t | t o l y  dommt~rean 
s t  t h s . p ~ o ~ a c t  t a i l = a c e ,  aaLn t i Ln  the  H l c ~ m n  s tandards  toz  DO 
concon t=s~ lon  and temperature. 

The ~ o n L t o ~ n g  p lan  s h a l l  Lnclude p~ovLs ion l  t o~  ( l )  
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• ~=eci~ant ly d e t ~ s L n e d  Ln cansu l tn~Lon v i t h  t h e  NLohLgan 
Depmr~s~nt o f  ~ 4 t ~ r a l  Bas~ucc•s (~) and t h e  U.S.  P L ~  and 

W ~ l d l l £ e  8ervL~s (FI~)~ and (1) t he  p c ~ p a ~ t L ~  o f  o p e r a t i n g  
p r a t e d • r e •  4e~e la l~d  i n  consul t~stLan v L t h  ~ and I q ~  t o  nddwes•  
v • t o r  qua lL~y  aondL t lons  vhLch 4 s v i a t e  ~z~m t h e  above llmLts. 

• ha t-~censee s h a l l  p r~pa :e  the  p l a n  a f t e r  c o n a u l t h t l a n  v l t h  
end ~ .  The v a t s :  q u a l i t y  aa~ l~o :Lng  p l a n  s h a l l  ~n~l~de • 

schedu le  f a : !  

(a) Lap le~en ta t / cm o :  t h ,  Frogrsa v i t h l n  24 ~ o n t h •  (~oa t h e  
da te  o~ Lssuance oC ~ 1Lcsns~  

(b) c ~ , ~ m l ~ s t l o n  v i t ~  ~)flm and ~ conc•rnLnq t h e  r a n u l t s  
o f  t ~ a  s m n l ~ o : l n g ;  and 

(o) £111nq t i m  r e q u e s t • ,  squncy t a m e s t • ,  and LL :snsee .s  
z e s t s •  t o  agency cmmmnta v L t h  the  ~ / a m / o n .  

The L / m a s s e  s h a l l  Lna luds  v l t ~  t h e  p l a n  ~ t ~ t l o n  s t  
c m n s u l t o t l o n ,  cop ies  o f  m~men to  and L-Im~t#.~ ~ 

and spanL=Lo d a n a t l p t L a n s  s t  bay t h •  aqu~c ies '  c=~sen~s 
a re  a o ~ m o d a t e d  by  rJ:e p l a n .  ~ne Lace•see s h a l l  a11o~ a m L n i ~  
s t  : 0  day•  ~or  t h e  sqen~les  

n o t  ndog t  • r ~ o m M m d a t l o n ,  t h e  f L L L ~  • M l 1  ~ c l u d e  t h .  
L L c t n s s e ' •  z u s o ~ s ,  bas*d  on p r a ~ * c t - s p ~ L t i c  2 ~ t o r a a t l o n .  

tJ~  ~-scmmsle s ~ s l l  lwplmsm~= t ~ e  
DO c o m ~ n t r a t ~ a n  and t ~ m ~ r s t ~ r l  s o n i t o r l m l  planw ~ l , ~ l m i  • n y  
sham/as : e q u l r e d  by  t h e  C a m l s s l c ~ .  
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Hourly Temperature Readings: Crystal Falls HydroeJectflc Project (Upstream of Dam), June 2002 

Dr/of Uonth 
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 10 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
12.~05 20.4 Ig.g 18.0 15.4 13.6 14.4 17.3 

1:005 20.3 19.5 17.0 15.2 13.5 14.5 172. 

2 : 0 0 8  20.2 10.5 17.8 13.0 13.4 14.5 17.1 

3 : 0 0 8  20.0 19.4 17.4 14.9 13.4 14.4 18.9 

4 : 0 1 ~  19.8 19.2 17.4 14.7 13.4 144  185 

5 : 0 0 8  10.7 19.1 17.2 14.7 13.1 14.4 10.8 

6 : 0 0 5  19.7 10.0 17.0 14.7 13.1 14.5 

7 : 0 0 8  lg.8 19.0 15.9 14.4 13.1 14.6 

8 ~  19.7 lg.0 16.5 14.4 13.1 14.8 

9 : 0 0 a  197 19.1 18.8 14.2 13.0 15.0 

10:005 20.1 19.3 16.3 14.3 13.3 15.3 

11.'010 20.2 19.5 10.7 14.2 13.6 15.7 

~ 2 ~ 0 { ~  20.8 19.7 18.8 14.2 13.7 182  

l : 0 0 p  20.5 19.7 16.8 14.2 14.4 18.4 

2 : ~  20.9 19.9 16.6 14.2 14.5 10.5 

3:001~ 21.1 19.g 16.5 14"2 15.0 16.8 

4:00p 21.0 10.8 16.4 14.1 

5 : 0 0 p  21.0 10.6 16.3 14.1 

6 : 0 0 p  209  19.5 18"2 14.1 

7. '00~ 20.8 19.2 10.2 14.1 

8 : (~ l p  20.5 10.0 16.0 13.9 18.0 

g:OOp 20.3 18.8 18.9 13.9 14.9 17.7 19.0 19.5 

lO:OOp 20.2 15.5 18.5 13.9 

11.'001) 20.0 18.2 155 13.7 

19.0 lg.4 100 20.5 20.5 

19.0 19.3 19.5 20.5 20.3 

18.9 lg.2 19.3 20.5 20.4 

18.8 19.1 19.3 20.8 20.3 

185 19.0 lg.1 20.5 20.2 

18.0 lg.0 lg.5 20.8 20.2 

18.5 18.6 10.0 19.0 20.8 20.0 

18.8 15.8 18.8 10.1 20.7 19.0 

18.5 18.0 19.0 19.1 205  

17.0 18.8 19.0 102 21.1 

17.2 19.0 19.0 104 21.3 

17.4 19.0 19.2 19.7 21.4 

17.8 lg"2 19.3 20.2 21.8 

15.2 10.4 lg.8 20.1 21.0 

18.8 19.5 19.8 202 21.8 

15.2 17.3 17.2 18.5 17.0 18.3 19.2 15.3 20.3 20.2 

15.1 17.4 17.2 18.8 16.9 13.3 19.2 184 20.4 20.2 

18.1 17.4 172 18.6 16.8 18.3 19.3 15.4 20.4 20.1 

15.0 17.3 17.0 15.3 16.7 18.2 

160 17.3 16.8 15.2 16.5 15.1 

17.9 17.4 15.8 18.0 15.2 179 

17.8 17.2 15.2 15.0 10.1 17.5 

17.3 17.2 159 14.0 15.0 17.5 

18.7 17.5 17.1 18.7 14.0 18.8 17.4 

19.3 17.6 17.1 13.8 14.9 15.5 174 

19.4 17.7 18.9 15.8 

19.3 17.8 18.9 

19.2 17.8 17.1 

19.2 17.8 17.0 

10.0 17.8 17.0 

20.8 21.1 22.0 22.8 23.1 230  234  

19.3 18.5 20.5 2000 20.8 20.5 23~0 

19.3 18.4 20.8 20.0 20.5 20.5 22.0 22.4 229  23.0 

19.1 13.3 20.5 

lg.1 15.5 20.8 

10.0 15.6 20.5 

18.9 15.5 207  

15.5 130 20.7 20.0 21.0 20.7 

200  21.0 ~ 0  ~ . 7  ~ . 9  ~ . 1  22.4 ~ . 5  

22.5 20.9 ~ 0  ~ 6  22.0 23.1 23.3 ~ . 8  

~ 6  ~ g  23.0 22.4 ~ . 4  

~ . 4  ~ 4  

20.0 225  20.8 ~ 0  ~ 4  229  ~ g  22.4 ~ . 4  

20.0 20.5 20.7 ~ 0  ~ 3  ~ 9  ~ . g  22.5 ~ . 6  

19.9 20.6 20.7 ~ o  ~ 4  ~ . 5  22.0 22.5 ~ . 5  

20.0 208  20.7 ~ 1  ~ 4  ~ 8  ~ . o  22.7 ~ 8  

~ 3  22.6 ~ 8  23.1 ~ . 9  ~ . 9  

19.0 19.8 lg.g 20.5 220  190 175 170 

18,1 10.8 10.1 19.5 20.0 20.5 21,9 10.8 17.8 18.0 

15.0 16.9 19.1 18.6 20.0 20.5 21.7 18.6 17.4 

15.0 17.0 19,1 10.7 20.1 21.0 21.5 18.5 17.4 

15.0 17.3 10.1 10.7 l g g  21.4 21.4 18.6 17.4 

17.5 19.1 lg.7 199 21.2 21.2 18.4 17.3 

19.8 21.1 21.0 13.4 17.3 

14.8 17.8 19,0 197 lg.8 209 20.0 18.3 17.4 

14.4 17.4 19.0 18.5 19.6 20.5 20.5 15.3 

18.0 15.9 17.4 185 18.8 

15.8 15.2 18.9 17.3 18.3 10.0 

15.5 15+4 161 1754 1854 1852 

15.8 15+5 16+3 17+5 18+4 19+6 

18.0 18.2 18.6 

15.1 16.4 10.0 

15.2 16+7 17.2 

17.1 10.3 16.8 17.6 18.4 18.1 

17.1 18.2 17.1 17.7 18.5 15.1 

17.1 18.2 17.2 17.8 18.5 18.2 

17.1 16.2 17.1 

17.1 18.1 17.1 

17.1 16.0 17.1 

17.3 17.2 15.9 17.1 

20.8 20.1 21.1 29.5 22.8 2Z8 22~8 23.2 24.1 25.0 

20.g :n.1 21.1 20.g 22~8 23.1 22~g 23.3 24.2 25.3 

21.0 202  21.2 21.0 22.9 23.4 23.1 23.8 24.4 25.5 

21.0 202  21.2 21.3 23.2 23.8 23.3 23.0 24.g 25.9 

17.8 18.2 20.0 21.1 20.2 21.3 21.3 23.0 23.8 23.3 24.3 25 1 25.8 

18.0 15.2 20.1 21.0 20.7 21.3 21.7 232  23.7 23.6 24.5 25.1 258  

18.2 18.1 20.2 20.9 208  21 5 2Z0 232  23.7 23.8 24.5 250  255  

20.4 209  209  21.5 21.7 23.4 207  23.5 24.4 249 25.8 

20.4 20.8 20.8 21.5 2.20 23.2 23.5 23.7 24.2 252  20.5 

20.3 20.7 20.8 21.4 22.0 23.2 23.0 23.4 24.0 25.3 28.8 

18.0 10.0 13.2 20.3 20.7 21.0 21.5 2Z3 22.9 23.3 23.3 23.3 25.3 26.5 

150 19.0 18.2 20.3 20.5 20.9 21.4 22.3 22.0 23"2 23.2 23.8 22.0 26.5 

18.2 19.0 18.2 20.3 20.8 20.5 21.3 22-3 23.0 232  23.2 23.5 25.0 26.5 

18.3 19.1 18.3 20.3 20.3 20.5 21.2 22.1 2.29 23.1 23.1 23.5 249  20.5 
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MiR. 198 18.2 15.6 13.7 13.0 14.4 16.8 18.8 18.9 19.0 20.5 18.3 17.3 169 15.8 149 15.8 17.3 

A v g .  20.3 10.3 16.7 14.4 14.0 15.9 17.9 192 19.4 20.0 21.1 19.4 17.7 17.1 162. 18.8 15.8 18.1 
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Hourly Temperature Readings: Crystml Falls Hydroelectd¢ Project (Ul~itmanl of Dam), July 2002 

Day of Month 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

12:00a 

l:00a 

2:00a 

3:00a 

4:00a 

5:00a 

6:00a 

7:00a 

8:OOa 

9:OOa 

lO:OOa 

11:008 

12:001) 

l:00p 

2:00p 

3:00p 

4:00p 

5:00p 

6.'OOp 

7:00p 

8:00p 

9:00p 

lO:OOp 

11:00p 

26.3 27.9 27.9 27.3 28.7 24.2 24.5 28.1 25.5 24.9 28.6 232  232  24.0 24.8 28.5 27.0 28.0 24.5 24.5 24.9 248  242  22.5 221 

28.2 27.7 27.8 27.1 235  24.0 24.7 28.7 28.4 24.7 23.5 22.8 23.0 23.8 24.0 28.0 28.8 28.0 24.3 24.1 24.9 248  24.0 225  221 

28.0 27.7 27.7 27.1 28.3 23.9 24.5 25.6 28.1 24.6 232  22.0 22~0 23.5 24.6 238 26.0 28.8 2 4 2  24.0 24.7 24.8 23.8 225  22.2 20.3 

28.0 275  273  28.9 252  23.8 24.3 28.8 28.1 24.6 23.1 22.3 22~7 23.5 24.3 28.5 28.4 28.8 24.0 23.3 24.5 24.8 28.6 22~5 22.1 202  

2'3.9 27.4 27.3 28.8 24.9 23.7 242  2'5.4 28.0 24.4 22~9 22.2 2Z0 23.3 24.2 28.4 28.3 25.6 23.8 233  24.5 24.7 23.3 223  ~..~1 20.2 

25.9 272  27.3 28.6 24.6 23.5 24.1 25.3 28.0 24.2 22.7 22.1 22.5 232  24.1 252  282  28.4 238  235  24.4 246  23.1 222  22.1 202  

28.9 272  27.3 26.3 24.4 23.4 23.0 252  24.9 24.1 2Z0 220  22A 231 24.0 25.1 28.0 28.4 23.6 23.4 24.3 24.6 22.8 2Z1 2Z0 20.2 

28.0 272  27.2 28.2 24.2 23.3 28.7 282  24.7 23.0 2 2 3  22.0 2Z4 23.0 24.0 28.0 28.9 28.4 23.0 23.2 24.3 24.5 22.6 21.9 22.0 20.1 

282  272  27.2 28.2 242  232  23.3 252  24.7 24.0 22.3 22.0 22.5 23.1 24.1 28.0 28.8 28.1 28.5 23.2 24.3 24.4 22.3 21.8 219  202  

~ 4  27.3 272  282  2 4 t  231 24.1 25.1 24.0 23.0 22.3 22~0 220 232  242 25.0 2B.0 2'5.2 23.8 23.3 242  244  222  218  21.0 20.3 

20.3 21.9 229  242  24.2 24.7 

242  24.6 

~ 0  ~ 9  24.3 24.1 248 

~ 0  ~ 9  24.3 24.0 24.6 

~ 0  ~ . 0  242  24.0 24.5 

~ 0  ~ . 0  24.4 23.0 245 

~ 0  28.0 242 23.8 24.5 

~ 0  ~ . 1  24.4 23.8 24.0 

~ 1  23.2 24.5 23.9 24.5 

~ 3  23.3 24.0 24.0 246 

24.2 24.7 

203  21.9 22.9 24.3 

28.5 27.4 27.3 262  24.1 232  24.3 25.1 28.0 24.0 2Z3  22~1 22.8 

28.9 276  27.3 28.3 242  ~'~2 24.6 25.0 28.0 24.1 2Z3  22~3 22.9 

27.4 27.7 2"/.3 28.5 24.2 23.2 24.9 28.1 28.1 242 22.3 22.5 23.3 

27.5 28.0 26.1 28.6 24.5 23.3 28.0 28.3 28.5 24.3 22-6 23.0 237  

27.6 28.3 27.9 28.8 24.3 23.3 25.0 253  25.4 24.4 22.6 23.3 242  

27.7 28.5 28.5 26.8 24.4 23.4 284 25.8 25.8 24.6 2Z0  23.6 24.3 

28.7 ~ . 9  ~ . 0  24.9 23.8 284 28.6 28.7 24.6 230  237  24.7 

28.2 28.7 ~ . 0  28.0 238  282  28.1 28.0 24.3 23.1 24.5 24.9 

~ . 4  28.4 27.1 28.0 ~ . 8  28.9 232  28.7 24.6 ~ . 0  24.9 28.0 28.0 28.6 28.6 272  28.8 

28.5 28.3 28.8 25.0 23.0 28.5 282  28.9 2 4 . 8 - 2 8 2  24.0 282  25.5 28.5 28.8 27.1 28.5 

28 .4  28.0 28.5 24.0 24.0 28.9 

28A 27.7 282  24.6 23.3 28.1 

28.2 27.7 25.9 24.4 23.8 282 

28.1 27.3 28.8 24.3 24.2 ~ .1  

28.1 28.6 24.4 28.3 24.5 28.0 28.4 282  27.1 23.7 282 

28.0 23.4 24.1 23.4 24.0 24.9 28.3 28~ 272  28.3 25.0 

25.0 28.2 ~ . 0  24.0 23.7 24.7 28~ 28.0 27.1 28.4 24.0 

23.7 28.0 23.8 23.7 23.3 24.3 24.9 28.4 272  282  24.7 

23.3 242  28.1 28.1 252  28.8 

23.0 24.5 234  282  28.3 24.0 

23.8 24.0 28.8 28.6 28.4 24.3 

242  28.2 28.0 272  28.4 240  

24.7 28.8 28.8 ~ . 5  28.9 24.4 28.9 28.7 24.0 

~ . 1  25.8 ~ . 8  27.8 28.0 24.7 24.3 25.5 24.9 ~ 2  ~ . 7  ~ 2  

~ . 3  28.3 28.3 27.7 28.2 24.5 24.3 282  ~ 0  ~ 3  21.9 21.1 

25.5 28.8 286 27.0 28.0 24.6 24.0 28.3 ~ . 0  ~ 3  ~ 0  23.9 

24.7 242  28~  24.9 ~ 3  ~ 0  23.0 

24.0 24.0 25.0 24.7 ~ . 3  ~ . 1  ~ . 7  

24.6 28.0 24.0 24.6 ~ 4  ~ 1  

24.9 25.0 24.9 24.6 ~ 4  ~ 1  

24.0 231 24.9 24.4 ~ 5  ~ 1  

24.6 28.0 24.7 

~ . 3  24.4 24.3 ~ 1  21.7 ~ . 7  ~ . 5  ~ 4  23.5 24.0 

23.4 24.6 24~ 

~ . 7  24.9 24.6 

23.8 282  24.6 

27.7 

27.9 

27.8 

28.2 

28.5 

28.3 

28.1 

28.1 

~ 0  21.3 21.7 20.7 ~ 6  25.8 24.0 24.2 24.8 

~ 0  218 21.7 ~ . 0  23.0 242  24.7 24.5 28.0 

~ 0  21.7 21.5 21.3 20.3 24.4 24.9 24.9 ~ . 0  

~ 1  21.7 21.4 21.5 23.2 24.5 28.1 282  28.0 

21.7 232  24.6 28.4 28.4 24.9 

219 ~ 2  24.7 ~ . 5  ~ 7  24.9 

~ . 8  23.2 24.8 28.0 25.7 24.0 

~ 0  233 24.8 28.4 28.0 249 

~ 0  23.7 24.5 ~ .1  28.4 240 

20.5 21.9 23.0 24.8 28.0 ~ 2  24.0 

~ . 4  ~ . 8  23.5 24.5 24.? 28.0 24.5 

~ . 3  21.8 23.1 24.3 24.6 25.0 24.4 

24.4 24.8 24.2 

M a x .  ~ . 8  287  289  27.3 ~ . 7  242  28.5 

~ n .  289 27.2 27.2 28.8 24.1 23.1 28.7 

A v g .  27.1 27.9 ~ . 7  28.fl 24.7 28.8 28.0 

28.2 28.0 24.0 24.0 24.9 282  25.5 28.8 27.2 27.0 282  24.9 28.1 25.8 

28.0 24.7 23.8 ~ 3  ~ 0  ~ 4  23.0 24.0 25.0 238 24.7 23.5 23.2 242  

28.8 28.3 24.3 ~ 9  28.1 23.8 242  252  28.0 ~ . 7  28.5 24.3 24.0 24.8 

28.0 242  ~ 5  22.2 ~ 0  23.7 24.9 28.0 28.7 28.0 

24.3 ~ 0  21.7 ~ . 3  20.1 ~ 9  ~ 9  242  23.8 242 

24.7 ~ 6  ~ 0  ~ . 4  21.0 ~ 7  23.8 24.7 24.8 24.7 

24.3 ~ 5  ~ 2  23.4 ~ 8  28.0 24.3 
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Average Daily Temperature Readings 
Crystal Falls Hydroelectric Project (Upstream of Dam) 

July 2002 
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Houdy Temperature Rudlng l :  Crystal Falls Hydroelectric Project (Ul:mtnmm of Dam). August 2002 

Dayof Month 
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

12:000 240 

1 :OOa 23.0 

2:000 23.9 

3:000 23.5 21.8 

4:000 23.8 ~.9 

5.'000 23.4 21.1 

6:000 23.3 2o.0 

7:000 23.2 20.7 

8 ; 0 0 8  2 3 2  2 0 5  18.3 1 9 3  10.5 I g . 5  10.0 

9 :OOa 23.2 20.2 19.3 19.4 19.5 10.4 19.5 

1 0 : 0 0 0  23.1 20.0 10.3 19.5 19.8 10.4 10.8 

1 1 : 0 0 0  23.0 20.1 19.4 19.6 10.7 19.3 10.4 

12:00p 23.1 20.2 1o.8 19.7 19.9 19.8 19.4 

l:00p 23.o 20.3 19.8 19.7 20.2 lg.O 19.0 

2:00p 

3:00p 

4:00p 

5:00p 

6:00p 23.0 21.2 20.1 

7:00p 990 212 201 

8 : 0 0 p  22.7 21.1 20.0 

9:OOp 22_9 21.o 20.0 

lO.'OOp 22A 2o.3 19.9 

11:00p 22.2 208 lO.e 

9 9 0  20.4 19.7 20.4 21.1 20.7 20.5 21.4 220  23.0 23.2 23.3 22.4 21.8 21.8 21.3 20.8 19.7 10.8 

21.8 20.2 lg.5 20.2 20.9 20.8 20.0 21.5 22.0 20.9 23.2 23.2 9 9 3  21.8 21.5 21.3 20.5 19.8 19.6 

21.6 20.0 1 8 8  20.2 20.8 20 .8  20.7 21.8 22.9 22.7 23.1 23.2 9 9 2  21.7 21.8 21.1 20.5 19.0 18.5 

10.7 lg.5 20.1 20.7 20.4 20.0 21.7 990  9 9 0  23.0 23.1 

lg.7 19.4 20.0 20.4 20.2 20.7 21.7 22.6 9 9 9  23.0 23.0 

19.4 19.4 19.8 20.2 20.1 20.7 21.7 22.0 22.0 9 9 9  9 9 8  

l g A  19.3 19.7 lg.g lg.g 23.7 21.9 22.0 22.4 9 9 8  9 9 8  

19.4 19+3 19+0 10.0 19.7 20.8 21.8 997  2 2 4  9 9 9  9 9 7  

2 2 2  21.9 21.4 21.1 20.4 lg.5 

991  21.5 21,4 21.1 20.3 19.5 

9 9 0  21.4 21.1 21.1 20.2 19.4 

21.8 21.4 21.1 21.0 2 0 0  lg.3 

21.7 21.4 21.0 21.0 19.9 19.2 

20.5 21.8 2~7  2 2 A  22~9 9 9 0  21.7 21.3 21.0 20.8 I g g  19.1 

20.8 21.g 998  2324 9 9 9  9 9 0  21.7 21.4 21.0 20.8 1 9 0  10.1 

20.0 9 9 0  23.0 9 9 6  9 9 9  9 9 6  21.8 21.4 21.1 2'0.8 19.8 19.3 

23.7 9 9 0  23,2 9 9 8  23.2 9 9 0  21.8 21.5 21.1 20.8 23.1 19.4 

20.8 9 9 8  2~.4 23.0 23.2 9 9 5  21.9 21.7 21.4 21.0 20.2 1 0 0  

20.0 9 9 7  230  23.3 23.8 22.8 9 9 0  21.0 21.6 21.4 20.3 19.8 

22.8 20.9 20.0 l g g  20.5 l g g  19.7 21.0 22.5 23.8 23.6 23.7 22~7 22.4 992.1 

22~9 20.8 20.1 20.2 20.7 20.2 10.0 21.0 22.9 23.9 23.8 23.9 22~8 22-3 22~3 

2 3 0  21.5 20.2 20.3 20.g 2 0 2  199  21.3 22~0 23.8 2 3 9  23.0 23.1 2 2 3  2 Z 5  

23.1 21.1 201  23.5 21.1 20.8 2 0 0  21.4 23.3 23.0 23.2 24.0 23.1 992.1 22~3 

20.9 21.2 20.0 20.0 21.5 23.4 24.1 ~ . 2  23.9 ~ . 1  9 9 3  991  

21.0 21.4 20.4 20.0 10.2 19.0 

22.0 21.6 20.5 20.2 10.3 19.1 

22.2 21 6 20.7 2 0 4  19.3 19.1 

22.3 21.7 20.5 20.3 lg.7 lg.2 

22~0 21.7 20.7 20.5 l g A  19.1 

20.8 21.3 20.7 20.1 21.4 23.5 23.8 23.8 23.0 23.0 22-3 2ZO 21.9 21.6 29.6 20.4 19.3 19.1 

20.9 21.4 20.8 20.2 21.4 23.0 23.7 23.9 23.8 22.8 22.2 22~0 21.9 21.4 20.4 20.2 20.2 19.0 

20.7 21.4 20.9 20.2 21.4 992.8 23.5 23.0 23.7 22~$ 22.2 21.0 21.8 21.2 20.2 20.0 20.0 lg.0 

20.0 21.3 20.8 20.3 21.4 22.7 232  23.5 23.8 22.5 22~0 21.7 21.8 21.0 20.0 l g g  20.3 19.0 

20.5 21.1 20.7 20.4 21.4 22~9 232  23.3 23.4 22~8 2 1 9  21.7 21.4 20.8 18.3 19.8 20.2 lg.0 

19.0 18.9 18.6 

19.7 18.7 18.7 

19.0 18.0 18.9 

19.3 19.5 18.6 18.7 

19.4 19.4 18.2 18.6 

17.0 18.1 19.5 20 .0  20.5 20.8 22.0 992.8 

1 7 8  19.0 lg.7 20.5 20.3 20.8 21.7 22~3 

17.0 1 0 2  10.0 20.5 20.2 20.5 21.7 22.2 

17.0 19.I  19.8 20.4 20.0 20.5 21.8 22~1 

17.8 19.1 19.5 20.3 20.0 20.4 21.5 22~0 

19.3 19.3 18.2 18.7 17.0 10.0 19.8 20.2 1 9 9  20.3 21 4 2 2 0  

19.1 lg.2 10.1 18.0 17.8 19.1 19.7 20.1 lg.7 20.3 21.4 22~0 

19.0 19.2 18.0 18.6 17.0 19.1 10.0 20.0 19.8 20.3 21.4 21.9 

18.g 191 17.0 18.5 17.8 lg.1 19.7 20.0 lg.5 20.3 21.4 21.8 

19.0 10.0 178  10.5 18.0 1 9 2  19.9 29.1 19.8 20.3 21.4 21.8 

18.1 lg.0 17.8 18.5 18.0 19.5 20.1 20.1 19.5 20.4 21.4 21.g 

19.1 19.0 17.8 18.5 18.2 19.6 20.5 20.2 19.6 20.8 21.6 2 2 0  

lg.0 19.0 17.8 18.0 19.5 lg .8  20.0 20.3 19.7 29.8 21.7 992.0 

10.1 lg.0 18.0 19.5 18.3 20.2 21.2 20.4 1 9 9  20,8 21.7 22~0 

18.0 18.3 19.1 20.5 21.0 20.8 lg.g 20.8 21.7 22-0 

18.3 18.3 19.2 20.5 21.5 20.7 19.8 20.g 21.9 22~1 

18.3 18.2 19.3 20.7 21.4 20.9 199  21.2 22~0 2 2 2  

18.5 18.2 1 9 3  2'0.0 21.4 21.0 10.0 2 1 2  2.21 22~7 

18.7 18.1 19.1 20.8 21.2 21.0 lg.5 21.2 2 2 3  22~8 

18.8 18.0 1 9 2  20.4 21.4 20.8 20.0 21.3 22~7 22.9 

18.7 18.0 19.1 20.2 21.3 20.8 20.1 21.5 22~7 2 2 8  

18.7 18.0 19.0 20.1 21.0 20.8 20.9 22~0 2.29 2.27 

18.6 17.0 19.0 19.9 20.8 20.8 21.1 22~3 992.9 22.0 

18.8 17.8 19.1 10.8 20.8 20.8 20.0 22.2 22.7 9 9 5  
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I~n. 2 2 2  20.0 19.3 19.3 18.5 19.3 18.4 20.8 21.4 2z6  22.4 

Avg. 23.1 20.9 18.8 lg.g 20.4 20.2 20.0 20.9 22.3 23.2 23.1 

24.0 23.3 22~8 22~5 22.8 21.7 20.8 20.8 20.5 

22~8 22.5 21.7 21.3 21.0 20.0 18.0 19.1 18.9 

23.4 22~0 22J  21.8 21.9 21.2 20.3 10.8 19.4 

19.8 18.g 10.9 19.3 20.g 21.9 21.0 21.1 2.23 22~8 22.g 

19.0 17.8 17.8 17.8 19.0 19.5 20.0 19.6 20.3 21.4 21.8 

19.2 10.9 18.4 18.4 19.7 20.5 20.5 20.0 20.9 21.0 2 2 2  
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Hourly Temperature Readings: Crystal Falls Hydroele¢t¢lc Project (Ul~tmmn of Dam), Septmmber 2002 

D ~  of Month 

Time 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
12:00a Z7_3 2.23 21.7 20.8 20.0 10.0 17.8 10.3 21.8 22.g 21.7 lg .7 10.4 193. 18.0 18.8 16.7 17.7 18.1 18.8 18.0 18.8 

l:00a 223 22~1 21.7 20.8 19.8 19.0 17.8 19.2 21.7 22~9 21.8 19.3 19.3 10.2 18.0 188 18.8 17.8 18.0 18.8 17.9 10.4 

2:00a 2.22 2.21 21+8 203. lg+7 10+0 17.7 lg+4 21+7 228 21+4 19,4 lg+3 193. 17+8 18+3 18+8 17+4 18+0 18+8 17.8 

3 : 0 0 a  220  2Z0 21+8 20.2 19+7 189  17+7 198 21+7 22.7 21+4 193. 19.2 l g 2  17+8 18+5 18+8 17+4 180 18+4 17+8 

4.'O0a 2.20 2.20 21.4 20.1 19.7 18.8 17.7 19.3 21.0 22~0 21.2 lg.1 192 10.2 17.8 10.4 184 173  180 184 178 

5. '008 22-0 21.9 21.2 20.0 19.7 18.8 17.7 19.0 21.5 22-8 21.0 19.0 10.2 18.1 17.6 18.3 18.4 17.2 180 18.4 17.4 

6:OOa 21.8 21.8 21.1 199 19.0 18.8 17.6 19.8 21.5 22.8 20.9 10.0 19.1 19.0 17.4 18.2 10.4 17.2 18.1 18.4 17.4 

7:00a 21.7 218  21.0 19.7 19.5 18.8 17.6 lg.4 21.4 2.28 20.8 18.0 19.1 10.0 17.3 18.1 16.3 17.2 18.1 18.3 17.2 

8 : 0 0 8  21.7 21.7 20.8 19.8 19.5 18.5 17.8 19.5 21.4 22.8 20.0 18.8 19.0 lg.0 17.2 18.1 18.2 17.1 18.2 18.3 17.2 

9:00a 21.7 217  20.9 19.8 19.4 18.0 17.0 19.8 21.0 22.4 20.8 188 19.0 19.0 17.2 18.g 18.2 17.1 18.1 18.3 17.1 

1 0 : 0 0 8  21.7 21.0 20.0 19.0 10.4 18.5 17.7 19.9 21.5 Z2~3 20.7 18.8 19.0 lg.0 17.4 18.1 16.4 17.2 18.3 18.3 17.1 

11:00a Zl .7  21.8 21.0 lg.7 19.4 18.8 17.9 20.1 21.7 22-3 20.7 18.8 19.1 19.0 17.4 10.1 18.3 

12:00p 21.7 21.8 21.0 19.8 19.3 18.8 18.8 20.3 Z2~0 22.1 20.7 10.1 19.0 19.0 17.4 18.3 18.2 

l : 0 0 p  22-0 22~0 21.0 20.0 10.3 18.4 18.0 20.8 22J 22.1 20.8 19.3 19.0 10.0 17.8 18.4 18.3 

2:00p 21.a 21.7 21.2 20.2 10.2 18.4 10.1 20.8 22.5 22-0 21.1 19.4 lg.2 18.8 179 18.8 18.2 

3:00p 22.1 22~0 21.2 20.8 10.2 132  lg.8 21.0 Z2~0 22~0 21.1 lg .7 10.1 18.0 17.7 18 g 18.4 

4:~p 22.2 22.0 21.2 20.8 19.2 18.2 lg.8 21.2 22-8 22.2 21.2 19.0 10.2 18.8 

5 : ( ~ )  223  22.1 21.2 21.0 19.2 

6:00p 

7.'00p 

8:o0p 
9:00p 

10.'00p 

11:00p 

17.2 18.3 18.3 17.2 18.8 13.8 11.3 

17.4 18.3 18.3 f7.4 18.8 13.6 11.8 

17.4 18.4 18.4 17.3 15.0 13.4 11.8 

17.4 18.8 18.3 17.2 15.8 13.4 11.7 

176 18.4 183 173 18.0 13.2 11.8 

17.7 17.2 18.9 17.8 18.5 18.3 17.2 10.6 13.2 

18.0 18.6 18.3 17.2 158 13.1 18.0 19.4 21.4 22.0 22-1 21.1 20.0 10.8 18.8 

22-3 222  21.3 21.0 19.3 18.0 19.1 21.8 23.3 Z22 21.0 lg.g 19.0 18.6 

22-8 22.2 21.2 21.0 19.2 18.0 191 21.8 23.5 22.0 20.9 10.7 10.0 18.8 

22-8 22-0 21.0 20.8 lg.2 17.9 18.0 223  23.0 2Z0 20.7 19.8 19.8 

22.5 22-0 20.8 20.5 10.2 17.8 10.2 22.3 23.2 22.0 20.3 lg.6 19.4 

22.5 22.0 20.8 20.3 19.1 17.8 19.2 22-0 23.1 21.9 20.1 19.5 19.3 

22~4 21.9 20.7 2D.1  19.1 17.8 18.0 22.0 23.1 21.0 10.9 194 19.3 

18.0 17.4 18,8 

18.0 17.2 16.6 

179 17.1 

18.4 17.6 17.1 17.8 18.1 

18.4 17.4 17.0 18.0 18.1 

18.3 17.2 18.8 17.8 18.1 

18.1 17.1 18.8 18.0 18.1 

18.0 18.5 18.3 17.1 15.4 13.0 

18.0 18.1 18.0 18.3 17.1 13.3 1.28 

18.8 18.3 17.0 18.3 

18.6 18.2 1 8 9  15.0 

18.0 18.2 10.8 149  

18.0 18.0 10./  14.7 

14.7 1Z3 11 3 11.2 10.5 11.1 108 10.9 

14.0 122 11.4 11.1 10.4 11.1 10.8 10.0 

18.2 14.4 12.1 11.3 11.3 10.3 11.1 10.7 11.0 

18.1 14.1 1.21 11.3 11.2 10.4 11.1 10.8 11.0 

18.0 13.g 11.g 11.2 11.0 10.4 11.1 10.8 11.0 

15.9 13.8 11.7 11.3 109 10.4 11.1 10.8 11.0 

15.8 13.8 11.8 11.2 10.8 10.3 11.1 10.g 11.0 

18.8 13.8 11.4 11.2 100 10.3 11.1 10.9 11.0 

158 13.4 11.3 11.2 10.7 10.1 10.9 11.0 11.1 

18.6 13.4 11.3 11.2 10.8 10.2 11.0 11.0 11.0 

13.0 13.4 11.3 11.2 10.7 10.3 10.9 11.0 11.3 

11.8 10.8 10.5 11.0 11.1 11.4 

11.4 10.8 10.4 11.0 11,0 11.8 

11.3 10.7 10.8 11.1 11.1 11.7 

11.3 10.7 11.0 11.1 11.1 11.8 

11.4 10.7 11.1 11.0 11.1 1.21 

11.8 113 109 11.1 109 11.1 12~I 

11.7 11.4 10.7 11.1 10.g 11.0 12.2 

11.8 11.3 10.8 11.2 10.8 11.2 12-4 

11.8 11.4 10.8 11.1 10.8 11.1 1Z3 

12.8 11.4 11.3 10.7 11.1 10.6 11.0 12.5 

1.27 11.4 11.3 10.7 11.1 10.8 11.0 1.28 

12~0 11.4 11.3 10.8 11.2 108 11.0 1.27 

12.0 11.4 11.3 10.6 11.2 10.8 11.0 1.28 
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22.8 22~3 21.7 21.0 20.0 lg.0 19.6 22.3 23.5 22~g 21.7 20.0 19.8 lg.3 18.0 17.4 18.0 18.1 18.8 18.5 18.0 18.5 14.7 1.23 11.4 11.3 11.2 11.1 11.2 1.28 

Min. 21.7 21.7 20.7 19.8 19.1 17.8 17.6 19.2 21.4 21.8 19.9 18.8 19.0 18.1 17.1 18.9 13.2 17.1 18.0 18.0 18.7 14.7 1.20 11.3 11.2 10.0 10.1 10.6 10.6 10.9 

A v ~ .  22.1 22.0 21.1 20.2 lg .4 18.4 18.4 20.3 222  22.3 20.0 19.3 19.2 18.9 17.8 16.8 18.7 17.8 18.3 18.3 17.3 15.6 13.4 11.0 11.3 10.8 10.7 10.0 11.0 11.8 
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Downstream Temperature Monltorlng 
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Hourly Temperature Reedlngs: Crystal Falls Hydroelecb'l¢ Project (Downstream of Dam), June 2002 

~myof Month 
Time 1 2 3 4 5 O 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 20 27 28 29 30 ::0 

I 
12:00U 2000 1897 1829 15.81 13.87 14.82 17.61 19.21 19.57 19.71 20.83 20.83 18.44 17.59 17.4g 16.38 17.32 18.83 19.44 18.38 20.00 20.44 20.90 21.25 22.34 23.02 23.31 23.35 23.87 24.82 

1:00a 20.44 19.83 18.03 15.35 13.78 14.87 17.54 19.18 19.45 19.61 20.77 20.74 18.41 17.01 17.47 15.92 17.22 18.03 10.40 18.35 20.62 20.41 20.81 21.18 2225 22.90 23.28 23.31 23.88 24.71 

2;0015 20+31 19+89 1791 18+23 13.70 14.87 17.87 l g . l l  1937 19+52 20.74 20+35 18.35 17.81 17+37 15.78 17.10 1888 lg+35 1835 20+35 2032 2~+76 21+07 2224 22+}1 23.26 23+29 23+87 24+35 

3:008 20+15 1957 17+71 15.35 13+00 14+88 17.30 lg+04 19+30 1940 29+76 20+35 18.29 17.02 17.20 18.62 15+35 1840 19+35 18+71 20+35 20.28 20+72 21+00 22.24 22+70 23.20 23.28 2397 2482 

4:005 20.35 19+44 17,54 14+94 13+35 1487 17+18 18+gG 19,21 19+~3 20+7~ 20+49 1822 17+82 18.35 15.40 15.80 15.30 10.47 15.75 0n+76 20.25 20+74 20+g~ 2.227 2235 23+19 23.24 23+87 24+82 

5 ~ 8  19.92 10.33 17.32 14.83 13.40 14.87 17.13 18.92 19.14 19.28 20.81 20.3~ 18.12 17.89 16.71 1529 18.58 18.10 19.40 18,77 20.70 20.21 2078 20.90 22.27 2.263 23.17 23.22 23.87 24,52 

6 : 0 0 5  lg.82 19.18 17.20 14.73 13.32 14.88 17.10 18.87 19.0G lg.25 20.83 20.23 18.01 17.38 18.46 15.15 18.34 17.90 lg.28 18.78 20.84 20.20 20.77 20.00 2.227 22+01 23.13 2322 2388 24.64 

7 ; 0 0 5  19.80 10.14 17.07 14.35 13.22 14.92 17.o3 18.83 Ig.35 19.25 20.GO 20.04 17.93 17.49 1822 15.07 16.12 17.78 1918 18.80 20.35 20.21 29.35 20.84 22.31 22+63 23.13 23.24 23.75 24.68 

8;0Cla 19.82 19.14 15.35 14.88 18.21 15.09 17.10 18.35 19.07 19.30 21.04 lg.35 17.84 17.42 15.0~ 15.07 18.02 17.84 19.35 18.80 20.35 20.21 20.97 20.84 2.235 22.00 23.10 23.28 23.80 2475 

9 : 0 0 8  19.95 1928 1585 14.48 13.30 18.27 17.16 18.97 19.16 19.44 21.21 19.35 17.83 17.34 15.35 15.14 15.35 17.02 1892 1877 2035 20.25 21.11 20.35 22+54 22+711 23.0e 23.33 2400 24.35 

10:00a 2018 19.45 1885 14.48 13.54 15.48 17.32 19.07 19.30 19.88 21.42 lg.52 18.01 17.27 15.88 15.29 15.0G 17.61 18.82 1889 21.00 20.28 21.23 20.97 22.81 22_35 23.35 23.42 24.15 2~.14 

11:00a 20.40 19.55 18.35 14.44) 13.88 15.89 17.50 19.23 lg.42 20.01 21.35 19.40 18.35 1727 15.97 18.40 15.32 17.07 15.73 lg.04 21.21 20.32 21.30 21.12 2.297 23.15 23.15 23.78 24.27 25.57 

12:00p 2 0 . 7 5  lg.35 18.51 14,40 14.37 10.32 18.01 19.47 19.59 20.18 21.85 19.35 17.83 17,30 10.00 15.77 18.35 17.81 18.35 19.30 21.10 20.39 21.32 21.37 23.01 23.33 23.28 24.20 24.48 88.00 

1.'OOp 

2:ClOp 

3:00p 

4:00p 

5:00~ 

6:00p 

7:00p 

8:00p 

9:00p 

10.'00p 20.30 18.71 15.88 14.01 14.82 17.57 10.25 19.78 19.97 21.00 21.04 18.35 17.57 17.37 10.31 17.42 18.53 10.33 18.51 20.40 20.70 20.g~ 21.46 22.25 23.33 23.44 23.42 23.78 24.GG 2~.71 

11:001) 20.15 18.40 15 .~  13.35 14,81 17.74 1921 lg.88 19.85 2091 20.g~1 1849 17.h'7 1742 18.21 17.39 18.38 19.38 15.38 20,38 20.35 20.01 21.36 22+31 23.17 23.38 23.37 23.71 2497 26.52 

21.11 19.83 16.80 14.43 14.62 15.58 18.44 19.75 18.89 20.46 21.M 19.37 17.35 17.30 16.17 18.11 18.58 17.g0 18.58 19.64 21.44 20.44 21.39 21.53 23.28 23.57 23.42 24.46 24.g0 2837 

21.30 10.90 18.73 14.40 15.29 17.23 18.71 19.97 19.85 20.88 22.04 19.16 17.88 17.29 18.29 15.44 16.88 15.35 15.88 19.80 21.21 20.74 21.53 21.80 23.35 23.82 23.91 24.57 24.04 28.62 

21.28 20.02 15.~G 14.40 18.53 17.12 19.(39 20.35 20.O0 29.8~ 22+15 10.02 17.95 17.23 18.41 18.73 17.13 18.24 18.47 19.94 21.23 20.79 21.81 21.85 23.55 23.75 24.33 24.82 25.40 28.2~ 

21.25 19.97 1681 14.35 t5.67 17.44 19.25 19.87 20.10 20.84 22+(]2 18.92 18.07 17.32 18.51 18.96 17.40 18.50 18.41 20.21 21.21 21.00 21.88 22+15 23.44 23.80 24.53 Z5.01 2540 28.80 

2129 19.80 16.54 14.33 15.67 17.74 19.06 10.90 20.15 21.93 18.88 17.74 17.32 18.56 17.15 17.74 18.70 18.34 20.3g 21.20 21.21 21.78 2.218 23.53 2~.87 24.35 24.00 25.70 20 .71 ,  

21.07 19.54 18.40 14.29 1576 18.08 19.18 19.85 20.23 21.44 21.74 18.87 17.35 17.37 16.58 17.39 17.88 18.95 18.41 20.39 21.16 21.12 21.69 22.29 23.38 2378 24.09 24.62 25.40 ~8.92 

20.88 lg.33 16.34 14.24 15.30 18.01 18.11 19.82 20.15 21.37 21.88 18.82 17.84 17.42 18.50 17.41) 15.06 19.35 18.47 20.83 21.11 20.35 21.78 22.25 23.47 2~.0G 23.78 24.22 25.47 27.13 

20.05 19.0g 18.14 14.20 14.79 17.88 19.04 18.85 20.13 21.18 21.33 18.70 17.02 17.3g 18.49 17.51 18.25 19.21 18.47 20.02 21.00 21.00 21.87 22.33 23.42 23.80 23.00 24.00 2529 27.17 

20.48 15.35 15.01 14.11 14.87 17.09 lg.14 19.88 20.09 21.19 21.18 18.63 17.59 17.35 15.88 17.48 18.39 lg.28 18.49 20.48 20.83 21.00 21.63 2.227 23.28 23.53 23.44 23.82 25.01 27.04 
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21.30 20.02 18.29 15.81 15.76 18.06 19.25 20.35 20.23 21.44 2.215 20.83 18.44 17.62 17.40 17.51 18.35 18.35 19.80 20.83 21.44 21.21 21.86 2Z33 23.56 23.87 24.53 25.01 25.70 27.17 

Mir l .  19.80 15.48 15.00 15.35 13.21 14.82 17.03 18.83 19.0G 19.25 20.74 18.49 17.57 17.23 15.88 15.07 15.0G 1T.01 18.34 18.59 20.55 20.20 20.72 20.84 2224 22-61 23.06 23.22 23.86 24.62 

A v g .  29.50 19.46 16.88 14.35 14.33 15.28 18.12 19.42 19.03 20.17 21.30 19.55 17.84 17.42 16.81 18.21 17.11 15.39 18.87 19.49 20.gG 20.58 2128 21.51 22+88 23.20 23.48 23.83 24.49 2574 
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Hourly Tmnperatum Reldlnos:  Cryi~lll Falls Hydroel~-h'l¢ ProJ~-'t ( ~  of  Oam), July 2002 

Day of  Month 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

12:008 2 5 ~  2soo 27.55 27.08 25.55 24.33 24.44 ~ . ~  28.51 24.00 23.8?. :'3.08 23.47 24=n 24.~ 25.80 25.81 28.19 24.?0 24.49 25.01 2480 24.42 2.277 :s2.08 20.48 22.+14 23.20 24.55 24.53 24.55 

1 : 0 0 8  2322 27.55 27.80 27.27 2~.49 24.22 24.57 2'~.55 25.44 24.80 23.83 23.07 23.24 24.06 24.7,5 25.02 25.74 28.11 24.88 24.36 24.94 24.04 24.24 22.79 22.41 20.46 22.19 23.20 24.55 24.3;8 24.80 

2 : 0 0 8  28.17 2775 27.71 27.00 28.31 24.08 24.46 25.02 2531 24.75 23.410 22.84 23.07 23.83 24.62 2594 25.08 25.94 24.38 24.18 24.55 24.98 24.55 22.79 22.08 20.45 22.19 23.18 24.55 24.27 24.84 

3 : 0 0 8  25.11 27.63 27.81 2~.80 2810 23.98 24.38 25.55 25.23 24.84 23.27 22.31 22.~3 23.67 24.46 25.74 L~49 2~.89 24.20 24.06 24.79 2 4 . ~  23.87 22.73 22.08 20.43 22.25 23.20 24.57 24.20 24.77 

4 : 0 0 a  2508 2753 27.50 2883 24.82 2384 2 4 . ~  25.47 ')~.12 2449 23.09 22.43 22.+82 23.88 24.08 28.31 2584 25.76 24.04 23.93 24.70 24.84 23.80 22.5?. 22.37 20.41 222'7 2324 2408 24.18 24.7'3 

5 : 0 0 8  2808 27.46 27.40 25.55 24.70 23.5? 24.18 ~ . 4 0  25.03 24..11 Z.291 22.30 22-73 ~"4.42 24.31 2~.33 25.2 "~ 25.5? ~ .81  23.25 24.80 24.55 23.33 22-46 22.37 20.38 22.428 23.27 24.84 24.11 2.4.?8 

6 : 0 0 8  25.11 27.38 2732 25.46 24.48 23.53 24.07 25.84 24.92 24.18 22.70 22.25 ;~.~84 23.84 24.24 25.18 26.11 25.46 23.70 23.62 24.88 24.81 23.55 22.30 22.34 20.30 2228 2331 24.55 24.0~ 24.70 

7. '008 25.15 27.30 27.23 2528 24.35 23.44 23.08 25.31 2455 24.07 22-50 22.19 2282 23.29 84.22 25.10 28.06 25.08 23.73 23.81 24.40 24.73 22.82 22.12 2228 20.34 22.32 23.34 24.80 24.04 24.70 

8:O(~EI 28.28 27.28 27.21 28~2 24.29 23.55 24.00 25.27 24.82 24.07 22.48 22.19 22.55 23.3;3 24.28 25.10 25.00 2'5.25 23.08 23.47 24.48 24.182 22.5"? 22.55 22.18 20.38 :~P,.+08 23.44 24.?2 24.08 24.77 

g:OOa 28.43 27.30 27.27 28.4?0 24.22 23.28 24.15 25.21 24.92 24.07 22.+52 2223 22.?9 23.46 24.37 25.18 25.(~ 252'5 23.80 23.51 24.40 24.50 2~41 22.00 22.55 ~P,.+50 23.55 24.73 24.15 24.7'8 

lO:OOa 25.77 27.08 27.a0 25.~S 24.24 23.29 24.55 ZS.18 ~..01 24.13 ?2+5? 22.43 23.08 23.83 24.55 25.27 25.19 25.25 24.02. 2380 24.84 24.82 22-34 22.+02 2191 25.88 P'255 23.?8 24.77 24.24 24.55 

1 1 : 0 0 8  27.19 2753 27.08 28.47 24.38 23.37 24.55 25.18 25.18 24.18 22.62 22.5? 23.42 23.87 24.77 25.46 23.40 25.44 24.37 23.?8 24.75 24.70 22.34 22.00 21.57 20.55 22.71 23.80 24.83 24.38 24.Ge 

12:00p 

l : 0 0 p  

2 :00p 

3 :00p 

4:00~ 

5:00p 

6. '~p 

7:00p 

8:00p 

9:00p 

lO:OOp 28.58 25.21 27.5? 25.07 24.88 24.15 25.70 25.g0 25.25 24.11 23.53 23.G~ 24.81 25.25 25.00 28.83 25.40 2801 25.22 25.14 24.99 24.88 22.75 22.36 20.5? 22.02 23.29 24.62 24.83 24.90 24.62 

11:~1p 2~23 25oo 27.55 25.55 24.46 24.27 25.80 25.73 2506 24.00 23.55 23.55 24.08 25.55 2~.93 28.?8 25.84 24.84 24.90 2~10 2497 24.55 22.75 22.37 20.52 22.07 23.27 24.67 24 .~  ~4.~4 24.40 

27.71 27.55 25.80 24.55 23.46 25.03 2 5 . ~  2 5 ~  24.31 22~73 22.82 23.82 84.18 25.08 25.78 25.72 25.51 24.(12 24.00 25.25 24.84 2.237 22-07 21.57 21.25 22.84 24.31 24.92 24.5~1 25.55 

2515 25.17 27.84 25.80 24.46 23.?8 25.03 25.53 25.87 24.44 22.715 23.18 23.tN5 24.51 25.38 25.08 27.55 25.55 25.15 24.04 25.08 2~.01 22.44 22..11 21.7'3 21.84 23.42 24.37 25.00 24.80 25.10 

25.46 2855 25.80 27.00 2 4 . ~  24.04 2521' 25.47 25.72 24.51 22.88 23.44 24.08 24.55 25.55 25.47 27.41 25.80 25.08 24.13 25.51 25.12 22~55 23~11 21.81 21.38 23.91 24.84 25.27 25.53 25.08 

28.55 28.17 23.55 27.27 2455 24.18 25.51 25.80 25.90 24.57 23.00 23.74 24.35 2'5.14 25.04 23.5? 27.55 25.17 ~ . 2 5  24.26 25.84 25.22 22-46 22.+108 21.4,5 21.3.3 2378 2494 2'55? 25.94 25.06 

28.33 2915 2921 27.55 2482 23.93 25.45 28.11 2807 24.5? 23.08 23.80 24.57 23.42 28.15 25.55 27.84 25.3.2 2508 24.3.5 25.42 25.20 22..52 22.+14 21.31 21.75 24.25 25.55 25.55 25.00 24.08 

25.17 25.86 08.07 27.46 24.55 23.98 25.55 25.15 25.18 24.80 24.16 24.04 24.72 25.81 25.25 25.72 27.80 25.28 25.42 24.33 25.28 25.18 22.55 2223 21.18 22.02 23.87 25.33 25.84 2593 24.00 

25.30 2890 25.72 27.38 24.55 23.55 25.52 25.24 2590 24.84 24.02 2413 84.82 2574 25.21 28.74 27.33 25.21 25.33 24.37 ~ . 8 4  25.10 22-82 22.38 21.04 22-07 23.91 24.55 25.55 25.04 25.03 

2~.54 28.74 28.38 08.94 24 82 23.E6 25.43 28.28 ;M.O0 24.80 23.91 24.08 24.55 25.70 25.02 25.78 27.10 25.79 25.31 24.46 25.2~ 24.97 2~64 ~ 4 6  20.~0 2~25 23.78 2~07 25.38 25.74 24.94 

28.74 25.70 25.04 28.55 24.75 23.93 25.94 28.17 25.70 24.5? 24.11 24.28 24.84 25.55 25.04 25.80 25.55 25.46 2~.36 24.79 23.09 24.88 22.71 22.43 20.?8 22.08 23.40 24.84 25.12 25.27 24.55 

28.80 25.52 27.84 25.32 24.80 24.07 25.55 28.03 23.88 24.3~ 23.34 24.24 24.50 25.42 25.80 25.83 28.02 25.20 25.33 25.08 25.01 24.75 22.71 ~2~27 20.88 21.80 23.08 24.72 24.80 25.23 24.75 

28.80 2917 28.21 27.55 25.86 24.33 28.52 28.26 28.18 24.00 24.13 24.28 24.72 25.74 28.25 28.83 27.86 25.32 25.42 25.14 28.26 25.22 24.42 22-79 22~41 22.25 24.28 25.33 25.84 25.00 25.10 

Min. 25.08 27.25 27.21 ;~.80 24.22 23.23 23.80 25.18 24.82 24.00 2~46 ;~ lg 22.~. 23.08 24.22 25.10 25.oo ~,.84 23.08 23.47 24.46 24.88 2~34 22.oo 2o.52 20.34 2214 23.18 24.55 24.84 24.46 

Avg. 27.84 25.05 27.55 ;~.75 24.72 23.83 24.08 25.64 25.08 24.42 23.20 23.18 23.~ 84.82 25.19 25.55 z6.m 25.88 24.55 24.15 z5.03 24.88 22.o2 2 ~  21.08 21.18 22-97 24.07 24.~ 2482 24.55 
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Hourly Tempersturo Readings: Crystal Falls Hydroelsctdc Project ( ~ l l m  of Omn), August 2002 

Day of Month 

Time 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

12:009 24.33 2~27 20.38 20.06 20.74 21.34 20.94 20.78 21.71 22.88 2~29 23.44 23.(10 2~61 2~(30 21.84 21.48 20.9o 1991 19.91 19.99 19.08 1897 18.18 lg.35 20.98 20.38 20.64 20.94 2L43 2~70 

1:009 24.16 2~07 20.48 199e 20.38 21.20 20.87 20.88 21.77 2284 23.13 23.38 23.53 2~38 21.38 21.77 21.48 20.80 19.87 10.80 19.87 19.01 18.97 18.15 19.3~ 19.38 20.83 20.52 20.80 2~02 2~57 

2:009 24.02 21.87 20.27 lg.87 20.52 21.04 20.78 20.g0 21.82 2~82 2~97 23.08 23.44 2248 2193 21.70 21.43 20.89 19.88 19.73 19.79 1&9O 18.97 18.15 10.33 19.89 20.71 20.38 20.71 21.38 2243 

3:009 23.87 21.71 20.08 19.80 20.38 20.83 20.38 20.92 21.8~ 2Z84 22.38 23~g 23.08 2~08 21.38 21.81 21.41 20.38 19.84 lg.38 19.72 18.78 18.97 18.15 1933 19.87 2060 20.25 2082 21.73 2234 

4 : 0 0 8  23 74 21.54 10.87 19.73 202222 20.64 20.48 20.94 2~.945 222.38 2282 23.25 2327 22.29 21.71S 2t.52 21 34 2052 1973 1950 19.03 18.38 19.97 18.18 19.32 19.82 20.82 20.15 20.59 21.38 22.27 

5 : 0 0 9  23.65 2134 19.75 19.38 20.08 20.88 2029 2092 222.00 22.M 22~73 23.22 23.19 222.19 2138 21.43 21.29 20.41 19.81 19.44 19.54 18.54 18.97 18.17 lg.32 lg.80 20.41 20.08 20.57 21.8~ 222.23 

6 . '009 23.38 21.11 19.83 19.61 19.94 20.13 20.38 20.89 222.02 9988 222.38 23.16 23.04 22.05 21.08 21.33 21.24 20.27 19.47 19.30 19.47 18.42 18.94 18.17 lg.32 1980 20.32 lg.gG 20.53 21.38 222.10 

7 ; 0 0 9  23.47 20.80 19.M 19.38 19.84 19.89 19.g2 20.83 22.0~ 2 Z g l  222.82 2311 22.g~ 21.83 21.54 21.22 21.18 20.38 lg.36 lg.15 19.88 18.29 18.89 18.15 19.32 lg.82 20.24 19.87 20.52 21.50 22.07 

8 : 0 ( ~  23.40 20.97 19.38 19.81 19.80 19.70 19.80 20.78 2~07 23,~0 2~81 23.11 2238 21.80 21.52 21.17 21.03 20.03 19.32 lg.38 19.30 1817 18.85 1813 lg.3~ lg .g l  20.20 lg.82 20.48 21.48 22.02 

~):OOa 2338 20.48 19.38 19.70 19.80 19.81 1975 20.7~ 222.14 23.07 22~64 23.13 222.84 21.84 2157 21.17 20.97 20.03 19.35 19.04 19.20 18.10 18.82 18.27 19.44 2 0 ~  20.24 19.79 20.52 21.48 2205 

1 0 : 0 0 9  23.33 20.36 19.63 19.77 19.91 19.38 19.75 20.?0 222.19 23.16 222.71 23.16 22.82 21.97 21.83 21.25 20.97 20.08 19.40 19.19 10.13 19.38 18.78 18.42 19.81 20.27 20.29 19.77 20.55 21.38 2205 

1 1 : 0 0 9  2327 20.34 19.77 19.85 19.08 19.38 19.80 20.38 2228 23~29 2238 2327 2~79 2~05 21.77 21.41 20.9o 20.19 1959 lg.48 19.13 18.10 18.79 18.01 19.77 20.60 20.38 lg.79 20.(~ 21.87 2219 

1 2 : 0 0 p  23~0 20.43 199o 19.94 20.22 19.82 19.80 21.01 22.32 23.40 2 ~ 4  23.42 2275 2244 21.93 21.83 21.20 20.36 19.70 19.91 1013 18.15 18.77 18.82 20.03 21.11 20.45 19.90 21.04 2200 22.25 

l:00p 

2:00p 

3.-OOp 

4:00p 

5:00p 

6:OOp 

7:00p 

8:00p 

g.'OOp 

lO:OOp 2282 21.10 20.z2 20.9o 21.52 2~.09 20.82 2~.38 2 2 ~  2~38 23.81 23.80 22.71 2219 21.38 21.71 21.27 20.10 20.13 20.20 19.18 19.01 18.22 19.33 20.13 2113 20.87 21.04 22.07 2293 22.80 

11:00p 2244 209O 20.13 ;0.83 21.47 21.01 20.71 21.(~ 22.88 23.42 23.46 23.63 22.38 2203 21.91 21.57 21.10 19.99 20.01 20.13 1B.13 18.gG 18.17 19.35 20.38 2104 2078 21.10 2275 2238 22.73 

23.25 20.180 20.15 20.08 20A3 20.03 19.94 21.11 22.57 23.1E0 23.51 23.86 22.77 22.38 22.07 21.38 21.47 20.46 20.08 1983 19.15 18.36 18.77 19.08 20.27 21.,52 20.57 20.08 21.57 22.30 22.38 

23.18 20.85 20.20 20.25 20.74 20.27 1982 21.83 2281 23.711 23.93 23.38 22.9~ 2 ~ M  ; ~ 3 8  21.M 21.84 20.38 20.31 19.79 1920 18.38 18.73 lg.30 20.46 21.84 20.38 20.31 21.38 2243 2255 

23.13 21.38 20.39 20.45 21.01 20.41 20.10 21.57 23.(K) 23.82 24.15 2382 2315 22-03 22.44 22_12 2171 2064 2038 19.89 lg.25 18.75 18.68 19.42 20.73 21.04 20.74 20.39 21.82 2~52 22-71 

23.18 21.27 20A5 20.38 21.25 20.38 20.24 21.34 23.13 23.83 24.08 24.27 23.66 2233 22A4 22.41 21.80 20.91 20.38 20.08 19.32 19.02 18.83 19.49 20.g0 21.88 20.84 2048 21.89 22.75 22.80 

2324 2148 20.43 20.79 2147 20.83 2027 21.36 23.15 23.71 24.24 24.20 23.58 2~62 22-37 2~82 21.89 20.80 20.88 20.25 19.37 lg.18 18.38 19.47 20.97 21.50 2104 20.50 21.82 22.53 2.238 

2324 21.54 20.88 20.90 21.38 20.97 20.29 21.48 23.47 23.71 24.38 24.08 23.44 2~38 22.23 2238 21.91 20.74 20.38 19.77 19.35 19.21 18.51 19.46 20.83 21.43 21.04 20.50 21.38 2281 23.00 

23.18 21.50 20.38 20.38 21.38 21.04 20.43 21.43 23.11 23.78 24.48 24.18 23.07 22.48 22.19 22.66 21.38 2081 20.53 10.75 19.32 19.06 18.42 19.39 2002 21.45 21.01 20.53 21.38 2238 2284 

23.00 21.40 20.34 20.92 21.64 21.10 20AG 21.38 22.84) 23.78 24.28 23.87 22.91 22.56 22.08 22.36 21.38 20.48 20.08 19.91 19.27 19.06 18.34 19.32 20.34 21 31 20.97 20.66 21.71 22.38 22.91 

22.82 21.27 20.28 20.92 21.38 21.06 20.48 21.70 22.88 23.71 23.87 23.718 22.79 22.34 22+03 22.07 21.47 20.32 20.25 20.12 lg.23 19.06 18.27 lg.30 20.27 21.18 20.92 20.76 21.38 22.38 22.88 

24.33 22.27 20.99 20.ge 21.68 21.34 20.94 21.70 23(10 23.83 24.48 24.27 23.65 22~38 2.244 22~38 21.91 20.96 20.38 20.25 lg.88 19.21 18.97 18.411 2097 21.84 21.04 21 10 22~'r5 22.93 23.00 

Min. 22.44 20.34 19.58 19.38 19.80 19.38 19.75 20.78 21.71 2.282 22~81 23.11 22.88 21.80 21.52 21.17 20.97 19.gG lg.32 19.04 19.13 18.38 18.17 18.15 19.32 19.80 20.20 lg.77 20.48 21.48 22.02 

A v g .  23.38 21.17 20.08 2020 20.6g 20.51 20.28 21.19 22A7 23.31 23.38 23.56 23.08 22.36 21.95 21.79 21.41 20.45 19.97 lg.38 19.38 18.(19 19.71 18.77 19.93 20.38 20.65 20.31 21.21 2.218 22Ag I 

0 

I 
0 
U1 
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Houdy Temperature Readings: Crystal Falls Hydroelsctdc Project (Downl tn lam of Dam), September 2002 

Day of  Month 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

12:005 ~ . 8 2  22~(16 21.(16 20.76 20.15 19.30 18.10 19.44 21.95 23.(16 21.03 19.9~ lg.81 19.47 18.30 17.15 18.(16 17.95 18.41 18.80 18.29 10.82 14.9~ 12.56 11.81 11.43 10.70 11.29 10.82 11.20 

1:005 22.(16 2244 21.(16 ;0,64 20.33 19.21 15.08 19 Ral 21,91 23.02 21.80 19.80 19.4~ 19.44 18.20 17.01 10.64 17.77 18.37 18.77 15.18 18.71 14.81 12.38 11.49 11.38 10.(16 11.29 10.8,5 11.20 

2:00a 22.(16 22.37 21.79 20.53 19.(16 19.18 18.03 18.(16 21.69 22i13 21.66 18.63 19.42 19.42 18.17 18.91 15.70 17.72 15.36 18.75 18.10 10.57 14.6~ 12.26 11.48 11.31 10.62 11.29 10.(16 11.18 

3:005 22.30 2228 21.70 20.43 19.92 19.00 18.03 19.75 21.87 2286 21.52 lg.49 19.42 l g A 0  18.68 18.82 10.76 17.06 10.37 10.73 15.03 1644 14.48 1217 11.44 11.25 10(16 11.20 1093 11.13 

4:005 2221 22`1g 21(16 20.31 19.(16 19.04 17.(16 1968 21.82 2282 2140 1837 1040 19(16 1795 18.71 1572 1750 18.37 15.72 17.93 16.32 14.26 12.03 11.41 11.18 10.51 11.31 1 0 . 2  11.16 

5 : 0 0 5  22`12 22`14 2148 20.19 lg.87 19.01 17.68 19.(16 21.77 22`79 21.25 18.27 19.39 lg.3~ 17.64 1861 18.(16 17.52 18.(16 18.88 17.70 18.18 14.38 11.88 11 38 11.10 10.46 11.29 11.06 11.18 

6 : 0 0 5  2202 22.00 21.38 2006 19.82 18.94 17.93 19.8~ 21.71 22:I7 21.13 19.18 19.38 19.33 17.74 16.49 15.(16 17.47 18.(16 18.(16 17.67 1507 13.g~ 11.72 11.34 11.06 10.39 11.28 11.38 11.23 

7 : 0 0 8  21.93 2202 2124 19.95 lg.75 18.(16 17.91 19.06 21.86 22.73 20.97 19.02 1927 19.30 17.60 18.30 16.(16 17.43 18.41 1865 17.56 18.87 13.83 11.01 11.33 11.00 10.34 11.23 11.13 11.26 

8 ; 0 0 ~  21.57 21.Ge 21.17 15.64 lg.65 18.84 17.91 lg.68 21.83 22.71 20.65 18.92 1921 19.25 17.(16 18.29 15.64 17.42 18.41 18.63 17.43 15.87 1372 11.53 11.33 1095 10.31 11.19 11.15 11.27 

9 : 0 0 5  21.64 21.96 21.13 lg.77 19.81 18.80 17.(16 19.82 21.06 22`68 20.78 18.88 19.18 19.23 17.48 15.23 18.52 17.43 18.42 18.63 1740 15.80 13.(16 1148 11 34 10.92 10.20 11.18 11.21 11.33 

1 0 . ' ( ~ 8  21.(16 22`02 21.17 19.79 19.(16 18.78 18.38 19.(16 21.77 ~..~5e 20.78 15.92 19.20 19.20 17.(16 18.27 10.57 17.4,5 18A~ 18.83 17.40 15.82 13.87 11.4~ 11.39 10.(16 10.38 11.20 11.23 11.49 

1 1 . ' 0 0 a  2 1 9 3  2211  2 1 2 0  19.91 19.65 18.77 1830  ;0 .20 22`02 22`80 20.87 10.(~ 19.28 19.18 17.54 15.37 18.(16 17.40 13.51 15.03 17.47 15.87 13.72 11.81 11.44 10.85 10.40 11.20 11.29 11.64 

12:00p 22.07 22.21 21.22 ;0 .38 19.64 18.75 15.(16 20.62 22`56 22.41 20.99 19.18 19.37 19.15 17.83 18.52 10.70 17.80 18(16 15.83 17.64 15.97 13.77 11.(16 11.48 10.33 10.65 11.19 11.29 11.75 

l :00p 

2:00p 

3:00p 

4:00p 

5:00p 

6:OOp 
7:00p 

8..OOp 

900p 

1 0 : 0 0 p  22.62 2223 21.03 20.48 19.40 18.17 20.12 2225 2331 22~12 20.38 111.65 19.65 15.(16 17.64 17.04 17.95 18.37 18.(16 18A8 17.38 15.21 12.(16 11.(16 11.51 10.79 11.31 10.83 11 20 13.64 

11:00p 2257 22`12 20.58 20.31 19.37 15.15 19.44 22.0~ 2324 22~33 20.13 19.55 19.51 15.48 17.33 10.114 18.0~1 10.3~ 18.82 18.37 15.64 18.10 12.74 11.64 11.49 10.75 11.31 10.79 11.18 13.12 

22.15 21.27 20.34 19.81 13.70 18,(16 ;0,8~ 2286 22.34 21.15 19.37 18.30 l g . l l  17.9~ 18.74 18.81 17.74 15.83 18.65 17.(16 15.97 13.70 11.72 11.64 10.83 10.845 11.20 11.64 11.87 

2218 22`34 21.33 ;0.87 19.47 18.63 19.38 20.90 23.42 22.30 212~ 19,63 19.(16 19.38 18.12 16.(16 18,10 17,(16 18.72 18.(16 17.59 15.93 13.82 11,85 11.57 10.83 11.06 11.13 11.33 12.04 

2225 22~32 21.43 21.C~ l g 4 6  1053 1925 2096 23.0~ 22`30 21.38 19(16 1947 1904 1822 1721 18.96 1795 18.75 13.66 17.62 1592 13.55 12.02 11.65 10.85 1121 11.18 1133 1238 

22`30 22`37 21.48 21.26 1046 18.40 20.24 21.13 23.29 22.36 21.43 20.05 lg.68 lg.04 18.13 17.43 16.(16 18.01 18.72 18.65 17.(16 18.92 13.47 12.0~ 11.57 10.87 11.64 11.38 11.29 12`38 

22`38 2243 21.54 21.43 l g A 6  18.4~ 19.94 2127 23.00 22~3e 21.38 20.18 lg.63 18.(16 18.18 17.56 17.0~ 18.13 18.80 18.81 17.56 15.57 13.34 1204 11.57 1088 11.38 11.10 1128 12(16 

22`44 2237 21.(16 21.33 19.48 18.41 ~0.0~ 22.18 23.11 22.39 21.29 20.08 19.85 15.64 18.30 17.(16 17.13 18.22 18.82 18.85 17.40 15.73 13.24 11.92 11.57 10.88 11.38 11.0~ 11.28 12.(16 

22`68 22`34 21.41 21.18 18.47 15.35 18.78 ~2.37 23.24 22~34 21.38 20.03 19.68 18.85 15.15 17.47 17.25 18.27 15.64 18.03 17.38 1,5.61 13.17 11.74 11.5~ 10.87 11.39 10.93 11.23 12.51 

22.78 22`68 21.31 20.94 16.44 q 15.29 15.(16 22`5~ 23.13 222~ 20.83 19.(16 18.85 18.78 17.98 17.30 17.02 18.30 18.85 18.(16 17.28 15.46 13.07 11.64 11.(16 10.85 11.34 10.G0 1123 1282 

22.64 22~28 21.17 20.67 19.44 18.18 20.03 2268 2320 2221 20.60 19.64 18.(16 18.70 17.(16 17.15 17.77 15.34 15.(16 t5.53 17.15 15.33 13.00 11.01 11.64 10.02 11.33 10.83 11.19 13.01 
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MaX. 2286 22.50 21.9~ 21.43 20.15 lg.30 20.24 22.(16 23.42 23.09 21.93 20.15 19.(168 18.47 15.(16 17.(16 18.0~ 18.39 15.(16 18.80 15.20 15.82 14.G6 12(16 11.57 11.43 11.38 11.31 11.34 13.12 

M i n .  21.84 21.95 20.88 19.77 18.37 18.15 17.81 18.44 21.83 22.33 20.13 18.(16 19.18 18.49 17.33 18.23 15.52 17.42 18.36 18.37 18.94 I S I 0  1274 11.46 11.33 10.75 1029 10.'#9 10.82 11.18 

Avg. 22.28 2~23 21.68 20.50 19.64 15.71 15.82 ;0.70 22.48 27.~64 21.12 19.54 15.44 15.11 17.g0 18.(16 15.(16 17.644 15.(16 15.64 17.(16 15.94 13.73 11.83 11.47 10.97 10.64 11.14 11.18 11.81 
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Hourly Dissolved Oxygen Rladlngl: Cl~ltlll Fails H y d r ~ c  Project ( D o w n ~  of Darn), June 2002, corrected data 

D~yof Month 
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
1 2 . ~  9.17 g.10 9.24 g.4g 9.85 10.40 9.90 8.gG 8.84 9.37 9.80 8.57 8.06 0.18 9.10 9.90 9.10 9.68 9.84 8.47 8.12 7.81 7.88 7.51 

1:00; ]  9.21 9.25 g.2g 9.48 9.80 10.43 9.90 8.95 8.82 g~r'S 0.00 8.83 8.96 9.10 9.11 8.9~ 9.0~ 8.90 8.81 8.80 8.22 7.83 7.89 7.30 

2 : 0 0 8  g.lg 9.23 9.31 9.45 9.80 10.42 9.90 9.02 8.81 g.32 9.08 8.56 8.90 9.13 9.10 9.53 8.07 0.83 9.76 8.80 8.17 7.80 7.84 7.46 

3 . '008 921 9.29 9.38 8.46 g.77 10.30 9.80 8.80 8.80 9.44 9.06 8.06 8.gG g.19 8.90 8.92 9.90 8.81 8.75 9.43 8.19 7.83 7.83 7.44 

7.09 7.16 8.02 6.30 7.83 8.39 

7.10 7.28 0.94 7.01 7 .M 8.30 

7.0~ 7.23 8.90 7.02 7.96 8.25 

7.18 7.24 7.01 7.06 7.85 9.20 

4:0Oa 

5:00a 

6:00a 

7:00a 

8:00a 

9:00a 

10.'00a 

11:00a 

12.'00p 

l:00p 

2:00p 

3.~0p 

4.-oolo 
5:00p 

6.~op 
7:00p 

8:00p 

9:00p 

9.17 g.31 

9.18 9.31 

9.21 

9.28 9.30 

9.32 9.37 

9.06 9.52 

9.42 

9.47 

g.4~ 

g.44~ 

g.44 

0.43 

9.36 9.80 g.Tg 10.80 9.90 g.01 8.84 9.41 8.gg 8.51 8.90 g.19 8.97 8.94 g.06 8.77 8.53 8.411 924  7.84 7.90 7.47 7.16 7.20 7.25 7.05 787 8.29 

9.06 9.47 9.88 10.41 9.84 9.07 8.83 9.41 8.89 8.51 9.13 9.15 0.83 8.90 9.90 8.79 8.87 8.81 8.25 7.79 7.83 7.06 7.27 7.21 7.27 7.12 7.94 9.36 

8.90 9.48 8.62 0.87 10.41 g.84 g.04 8.94 9.40 8.98 8.44) 9.04 9.19 8.80 8.83 9.87 8.72 8.53 8.48 8.23 7.80 7.85 7.41) 7.25 7.36 7.32 7.16 7.94 8.31 

9.49 9.80 9.gg 10.43 9.87 9.06 0 . ~  9.50 g.o~ 8.47 9.03 9.17 8.78 8.92 8.91 8.77 8.54 8.48 8.22 7.89 7.87 7.4~ 7.20 7.41 7.22 7.32 7.97 8.23 

9.57 9.90 10.00 10.06 9.81 g.92 9.12 gAI~ 8.94 8.40 g.90 9.14 8.75 8.91 8.83 8.73 8.90 9.45 8.21 7.81 8.01 7.40 7.29 7.42 7.27 7.06 8.04 8.21 

8.62 g.TG 10.11 10.04 9.79 0.04 9.18 9.51 8.92 8.30 0.02 9.11 8.7/5 8.90 0.06 9.62 8.47 8.47 8.14 7.70 7.90 7.37 7.32 7.4~ 7.08 7.53 7.gG 9.06 

g.80 9.71 9.84 10.21 10.87 8.81 9.14 9.~7 9 . ~  8.91 8.40 8.90 g.o~ 8.83 8.83 0.86 8.62 8.47 8.42. 9.08 7.90 7.87 7.42 7.56 7.26 7.03 7.87 8.02 8.90 

9.56 9.72 9.80 10.19 10.64 9.78 g.og 9.34 9.1CI 8.81 8.41 8.90 8.90 8.27 8.90 0.77 8.80 8.42 8.41 8.10 7.53 7.90 7.06 7.33 7.21 7.92 7.80 7.80 8.21 

9.53 9.83 9.92 10.20 10.80 901 9 . ~  9.25 8.61 8.67' 8.36 6.67 8.96 6.93 8.88 8.7'6 8.80 6.36 6.37 8.96 7.86 7.78 7.34 7.32 7.11 6.86 7.80 7.88 8.23 

9.57 9.82 10.03 10.28 10.62 9.8g 9.10 9.41 9 . ~  8.54 8.30 8.87 8. a~ 8.91 8.90 8.77 8.61 8.30 8.06 7.90 7.59 7.73 7.43 7.28 7.03 6.90 7.90 7.80 8.31 

9.06 9.80 10.00 10.34 10.54 9.88 9.17 9.51 9.66 8.56 8.41 8.90 8.91 9.~4 8.gg 8.79 8.06 8.90 9 . ~  7.94 7.80 7.71 7.23 7.19 7.0G 0.91 7.90 7.90 7.90 

9.53 9.79 g.g7 10.34 10.53 9.82 8.gG 9.54 0.54 8.43 8.47 B.g2 8.gG 8.87 8.90 8.77 9.63 8.31 8.11 7.90 7.87 7.06 7.23 7.16 8.93 7.0~1 7.97 7.84 7.83 

g.30 9.64 g.7~ '(0.02 10.34 10.49 g.38 8.90 g.80 g.47 8. ' ~  8.51 

9.40 g.4g g.90 9.90 10.30 10.92 9.62 9.90 9.48 

g.35 0.40 9.67 9.97 10.41 10.27 9.42 8.96 g.4g 9.80 8.41 

9.28 9.35 9.90 9.gG 10.48 10.28 9.34 8.90 9.46 

9.~4 9.29 9.63 g.g7 10.44 10.13 9.33 8.BB 8.18 

9.21 9.24 9.90 9.90 10.41 10.10 9.06 8.90 9.07 

10;00p 9.17 g.18 g.87 g.g4 10.06 10.04 9.20 8.80 9.44 

11:001) g.15 9.23 9.80 0.01 1030 9ge  g~14 890  9.3~ 9.03 8.49 8.91 9.04 9.12 

B.g4 9.84 9.G4 g.10 8.81 8.63 9.3~ 8.20 7.86 7.72 7.00 7.19 7.80 8.94 8.94 7.92 7.87 8.01 

9.30 0.52 8.92 8.53 9.90 9.06 8.78 8.71 8.43 8.10 7.79 7.84 7.38 7.13 7.0~ 6.94 7.01 7.90 7.91 8.04 

8.00 891 8.80 g.90 9.13 8.79 8.67 9.40 8.12 7.74 7.66 7.61 7.09 7.04 8.02 7.07 7.90 7.79 7.83 

9.00 8.33 8.62 8.90 9.90 8.97 9.14 0.80 8.79 8.41 8.13 7.76 7.83 7.06 7.10 7.01 8.80 0.96 7.g0 8.00 8.0~ 

9.10 8.40 8.70 8.98 AB0 8.96 g.22 8.91 8.77 8.40 8.06 7.76 7.75 7.53 7.07 8.90 B.g2 6.97 7.79 7.97 8.20 

9.06 8.41 8.72 8.90 8.99 8.96 9.20 8.94 8.06 8.44 8.12 7.73 7.06 7.06 7.06 7.01 6.87 8.92 7.73 7.83 8.06 

9.06 8.49 8.81 9.07 g.10 0.06 g.13 8.94 8.83 8.36 8.12 7.75 7.70 7.42 7.07 7.06 6.go 8.90 7.80 8.19 7.94 

9.80 9.17 8.8~ 8.76 8.38 8.10 7.72 7.77 7.44 7.06 7.2G 6.97 6.92 7.78 8.18 7.9~ 
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g.47 9.06 9.80 t0.03 10.43 10.84 9.90 g.17 9.54 9.83 9.08 9.91 g.13 g.tg 0.11 g.z2 g.10 8.90 8.84 8.51 8.25 7.90 9.01 7.06 7.38 7.42 7.32 7.90 8.19 8.30 

~ ' 1 .  0.15 8.G6 9.24 9.45 9.77 9.gG 0.04 8.90 9.80 0.0~ 8.33 8.38 8.80 8.89 9.27 8.80 8.78 8.55 8.31 8.06 7.72 7.50 7.30 7.06 6.90 8.87 8.86 9.90 7.79 7.83 

Avg. 0.3o 9.37 9.06 9.79 10.10 10.38 9.70 9 9 0  9.19 0.37 8.71 9.54 8.97 9.06 8.90 0.01 8.90 8.72 8.50 8.32 8.01 7.76 7.72 7.30 7.18 7.12 7.03 7.57 7.93 8.16 

~0 
t"Y 

I 

C~ 
r~ 
I 

C~ 
U1 



I I I I I I I I I I I I I I I I I I I 

11 

Average Dally Dissolved Oxygen Readings 
Crystal Falls Hydroelectric Project (Downstream of Dam) 

June 2002, corrected data 
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Hourly DlUCdWKI ~ n  Readings: Crystal Fails Hydroolectd¢ Project (Downstream of Dam), July 2002, ~ data 

Day of Month 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I 

29 3O 
M 

31 ? 

12:0(~ 7.82 7 .81  7.29 7.18 7.81 8.47 3.50 8.28 7.84 8.22 7.44 8.27 8.10 8.13 7.71) 7.12 7.29 8.61 8.78 7.48 3.21 7.78 8.06 822 8.38 7.85 8.10 7.87 7.23 8.71 0.78 

1:008 7.79 7.80 7.19 7.24 7.87 8.48 .853 7.M 7.80 7.80 7.53 8.18 7 .31  7.70 7.82 7.52 7.70 8.83 8.36 7.36 8.02 7.08 8.07 8.22 8.44 7.79 8 .21  7.80 7.33 0.70 6.87 

2 : 0 ( 0  7.84 7.65 725 7.22 7.57 8.46 8.52 8.(]5 7.48 7 .81  7.70 7.75 7.818 7.92 7.53 7.42 7.3~ 8.59 8.36 ?.19 8.13 7.80 7.80 8.30 8.49 7.8g 8.33 7.77 7.80 0.77 8.80 

3.~08 7.93 7.80 7.30 7.16 7.48 3.12 8.80 8.06 7.33 7.80 7 .01 8.01 7.54 7.80 7.80 7.40 7.47 0.63 0.58 7.27 7.93 7.80 7.96 8.08 8.48 7 .G~ 8.30 7.82 708 8.718 6.81 

4 : ( ~ B  7.80 7.57 7.18 7.27 7.58 824 8 .8Q 0.00 7.42 7.44 7.31 8.02 7.29 7.73 7 .41  7.37 7.18 0.37 0.77 7.27 7.72 7.43 7.93 8.42 8.40 7 .81  8.36 7.92 7.40 OCT 083 

5 :009 7.91 7.56 7.23 723 7.4g .808 8.49 3.18 7 .41  7J~4 7.38 7.36 7.34 7.0g 7.34 6.73 7.23 8.43 6.53 6.91 7.82 7.52 7.82 8.48 8.42 7.87 3.41 7.83 7.49 6.89 0.80 

6 : 0 ( ~  7.93 7.44 7.25 7.24 7.86 8.00 8.28 3.80 7.34 7.78 7.43 7.80 7.40 7.59 7.15 7.17 3.38 8.0e .890 7.17 7.80 7.59 7.82 8.42 8.41 7.83 8.42 7.93 7.37 8.78 6.80 

7 :008 7.77 7.48 7.12 7.28 7.85 7.9? 7.83 7.73 7.30 7.78 7.38 7.77 7.11 7.3g 7.22 894 6.84 8.27 6.36 7.40 7.29 7.04 7.83 8.35 8.36 7 .91  8.42 7.82 7.43 6.80 0.80 

8 :008 7.91 7.46 7.15 7.33 7.52 7.92 8.38 7.79 7.30 7.78 7.32 7.37 724 7.45 7.18 6.80 0.94 0.34 8.70 7.48 7.36 7.67 7.82 8.13 8.30 3.80 8ElO 7.87 7.31 8.90 0.92 

9 :00a 8.80 7.46 7.20 7.48 7.53 3.04 7.80 7.81 8 .8Q 7.84 7.43 7.68 7.73 7.38 7 .01  7 .01  8.90 0.18 8.80 7.14 6.GO 7.55 7.08 821 8.31 8.43 7.85 7.41 8.94 0.89 

lO:OOa 3.12 7.41 7.48 7.80 7.71 8.02 8.07 7.47 7.32 7.80 7.52 7.72 7.80 7.30 7.14 7.18 6.37 6.80 7.04 7.67 6.80 7.49 7.51 8.10 8.30 7.72 8.42 7.87 7.33 7.02 7.12 

11:(X)a 7.92 7.80 7.37 7.80 7.80 3.06 8.07 7.70 7.58 7.08 7.ff0 7.80 7.41 7.36 7.18 7 .01  6.71 8.43 7.36 7.82 7.12 7.64 7.80 8.08 8.21 7.87 8.35 7.84 723 7.08 7.01 

12:00p 7.7'3 7.81 7.83 7gO 8.20 8.07 7.74 7.67 7.7g 7.70 7.g7 7.80 7.21 7.19 0.g3 0.gl 8.80 7.44 7.70 720 7.48 7.80 8 . ~  8.25 7.84 3.08 7.718 7.24 7.19 7.08 

l:00p 8.36 7.36 7.?7 8.07 .80e 3.36 8.43 7.02 7.79 8.34 7.GG 7 .81  7.18 7 . ~  7.08 7.02 7.23 6.82 7.80 8.04 7.89 7.30 7.64 8.04 8.12 7.80 8.32 7.68 7.15 7.20 7.08 

2:001) 8.20 7.80 8.11 8.18 8.42 8 .41 8.29 7.88 7. °0 8.82 7.79 7.74 7 .11  7.28 7.36 7.13 8.80 8.77 7.g0 8.08 7.82 7.48 7.08 8.01 8.08 7.g0 8.18 7.80 6.85 7.19 7.02 

3:001) 8.28 7.97 812 833 8.86 8.44 8.74 7.74 8.12 8.80 8.30 8.21 8.08 7.42 7 .51  7.27 7.12 0.80 7.83 8.31 7 .81  7.54 7.80 8.11 8.04 7.87 813 754 8.77 72e 0.80 

4:00p 8.08 8.02 8.28 8.44 8.80 8.94 8.83 3.10 8 ~  8.28 8.23 8.08 8.20 7.4t5 7 .51  7.10 8.75 0.80 7.84 8.15 7 .81  7.42 7.80 8.02 7.97 7.89 8.14 7.45 6.63 7.34 8.80 

5 :00p  8.00 7.80 8.27 8.80 8.12 8.80 8.84 7.77 3.42 8.38 8.02 8.18 8.32 7.80 7.30 7 .81  7 .31  0.80 7.77 8.37 8.15 7.46 7.80 8.10 7.92 7.90 7.86 7.52 8.80 7.40 0.77 

O:00p 8.08 7.78 8.25 8.41 8.78 8.74 8.45 7.86 8~t' 8 .21  821 8.20 8.20 7.80 7.45 7.49 7.00 7.08 7.67 8.34 7.83 7.80 7.88 8.08 7.91 8.03 7.80 7~28 8.34 7.29 0.80 

7:001) 8.~Q 7.80 8.20 8.22 8.78 8 .G0 8.80 8.08 8.44 8.17 8.30 8.30 8.18 7.80 7.57 724 7.17 7.12 7.82 8.42 7.80 7.74 7.36 8.20 7.80 3.08 7 .81  7.36 6.82 7.23 O.O7 

8:0(~) 7.0"/' 7.81 7.70 8 .11  8.80 8.41 8.82 8.04 8 .41 7.81 820 8.21 3.18 7.g3 7 .31 7.52 7.09 7.17 7.87 8.22 7.87 7.74 7.04 8.25 7 .81 8.08 7.36 7.18 8.73 701 6.47 

9:OOp 8.08 7.80 7.78 8 .11  8.41 8.80 8.80 8.04 8.37 7.81 &14 8.16 3.19 8.01 7.43 7.52 7.22 6.GO 7.82 3.80 7.83 7.84 8.08 8.42 7.80 8.07 7.80 7.29 8.07 8.94 6.48 

10:00p 7.80 7.82 7.50 7.80 8.73 3.54 8.04 7.08 8 .21 7.83 8.17 .803 8.19 7 .81  7.37 7.57 7.30 0.77 7.82 8.40 7.79 7.80 8.01 827 7.80 8.04 7.77 7.30 8.73 6.80 650 

11:00p 7.05 740 7 .31  7.80 8.64 8.44 8.(22 7.46 8.08 7.08 &36 7.82 0.06 7.73 7.42 7.64 7.22 6.75 7.82 8.31 7.40 7.97 0.13 8.41 7.82 7.80 7.73 711 6.72 680 0.36 

8.30 8.02 8~26 8Aa 3.78 8.84 0.83 8.28 8.44 8.80 8.08 3.30 8.32 8.13 7.79 7.04 7.70 7.17 7.90 8.~0 821 7.97 8.18 8.45 8.48 8.08 8.50 

M Jr1. 7.77 7.40 7.12 7.16 7.48 7.92 7.83 7.36 8.80 7.44 7 .31 7.37 7.11 7.21 7 .01  8.78 6.71 8.08 6.36 6.91 ego 7.08 7 .51  8.01 7.80 7.72 7.80 

A v g .  7.80 7.87 7.58 7.73 8.03 8.36 8.41 7.87 7.79 7.80 7.80 7.8,4 7.71 7.82 7.36 7.25 7 .11 0.66 7.21 7.78 7.64 7.80 7.83 8.22 8.17 7 .91  8.15 

7.93 7.40 7.40 7.12 ~" 
r'r 

7.11 8.34 6.07 6.3~ :1¢ 

7.84 7.(]6 6 . ~  6.81 i ~ 
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Houdy Otssolved Oxygen Readings: Crystal Falls Itydroelecblc Project (Downstream o¢ Dotal, A~ lus t  2002, ~ data 

D,,/of Mo,  
Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 ,~ 
12:000 8.43 6.88 7.27 7.04 7.0~ 7.44 7.58 7.41 7. nD 0.85 828 8.18 6.91 6.96 6.31 6.54 0.77 7.0~) 8.72 7.12 7.23 7.13 7.85 729 7.44 7.20 0.70 6.83 7.17 6.88 7.08 :~ 

f0 1:000 0.24 0.06 7.23 5.0e 7.86 7.30 7.54 7.38 7.04 0.88 6.34 6.12 0.94 5.82 5.30 8.41 0.84 8.88 6.88 7.18 7.16 7.06 7.71 7.28 7.48 7.22 6.75 8.86 7.21  681 7.08 

2 : 0 0 8  6.34 7.10 7.20 5.92 7.03 7.44 7.50 7.37 7.07 0.88 8.28 6.10 0.04 §.8~ 8.43 6.33 6.41 6.85 0.68 6.84 7.17 7.03 7.74 7.30 7.88 7.27 8.78 0.86 7.19 8.78 0.98 ~. 

3 : 0 0 8  6.33 7.18 7.15 6.84 7.05 7.36 7.53 7.41 7.86 6.69 6.36 8.11 5.69 5.88 6.4,5 0.40 6.36 7.(]0 6.64 6.02 7.15 7.00 7.76 7.28 7.53 724  0.88 0.53 7.18 8.74 6.90 

4:000 6.22 7.29 7.10 6.GO 8.07 7.40 7.8;3 7.30 7.0~ 5.88 O 41 8.13 6.99 5.83 8.41 0.54 5.00 5.83 6.87 7.0(} 5.00 7.01 7.82 7.88 7.88 7.28 0.81 5.01 7,10 6.67 6.73 ~J 
0 

5. '000 6.17 7.36 7.0e 6.97 6.88 7.88 7.51 7.42 7.07 6.0Q 6.36 0.21 8.01 5.79 6.36 8.01 8.48 6.91 0.88 0.75 0.88 7.02 7.80 7.33 7.57 7.25 5.36 6.49 7.10 6.45 6.84 
t~ 

6 : 0 ~ 1  6.86 7-25 7.01 6.86 6.88 7.88 7.47 7.88 7.88 0.74 8.38 6.15 6.91 0.77 6-30 5 . ~  6.68 6.43 6.88 0.74 6.88 7.10 7.75 7.31 7.83 7.36 5.0~ 6.58 7.13 6XQ 6.88 ~ 

7 : 0 0 8  6.50 7.21 8.07 6.89 6.86 7.25 7.44 7.86 7.86 0.77 6.42 0.20 6.94 5.83 8.31 6.88 0.4~ 6.46 6.71 0.75 7.01 7.20 7.74 7.29 7.88 7.23 0.87 0.88 7.21 0.43 6.67 
t~ 

8 : 0 ~ 1  0.50 7.27 5.9e 6.07 0.83 7.28 7.37 7.32 7.10 8.88 5.30 6.15 5.97 5.80 8.01 0.42 0.48 8.4,5 8.2'0 8.84 7.04 7.25 7.75 7.28 7.02 7.28 0.79 721 7.06 6.51 0.65 
O 

9:00£1 0.50 723  7.03 0.86 0.;'2 727 7.34 7.27 7.1111 6.74 6.30 6.86 8.10 5.00 6.52 6.41 0.88 6.52 8.80 6 . ~  7.12 7-27 7.36 7.26 7.00 7.31 6.36 7.32 7.88 0.43 6.88 ~ 

M 
10:00t l  6.52 7-25 7.01 6.06 6.74 7.25 7.31 7.27 7.88 0.88 0.41 6.10 6.17 0.114 6.88 0 . ~  6.50 6.61 5 . ~  6.67 7.11 ?.29 7.86 7.28 7.86 7.33 0 . ~  7.42 7.10 0.85 0.37 

f0 11:000 6.80 7.88 7.05 7.00 8.74 7.2?' 7.32 7.28 7.88 5.2~ e.~1 0.20 0.18 0.20 8.88 8.e0 0.88 6.07 0.84 0.0~ 724 7.30 7.88 7.29 7.86 7.88 8.86 7.40 7.10 6.75 6.43 

1 2 : 1 ~  5.54 7.45 7.10 6.86 811~ 7.28 7.30 721 7.88 6 2 0  6.1111 0.30 0.14 6.1B 6.63 6.40 6.61 5 . ~  5 . ~  0.36 7.88 7.28 7.47 7 2 o  7.88 7.88 5 . ~  7A6 7.11 6.86 6A0 < 
f0 

l:00p 0.88 7.45 7.10 6.07 6.84 7.34 7.32 7.22 7.00 0.22 0.69 6.41 021 5.2~ 6.88 0.48 0.56 6.~m 0.9~ 6.9~ 7.42 7.22 7.4~ 7.30 7.01 7.88 7.IX) 7.52 7.27 6.81 0.31 

2. '00p 8.67 7.4:8 6GO 7.03 7.00 7.34 7.88 7.25 0.84 0.28 6.03 8.43 0.23 0.88 6.86 0.53 5.N~ 6.71 7.02 7.05 7.34 7.28 7.48 7.33 7.47 7.32 7.86 7.48 7.41 6.04 0.86 ~ 

3:00p 0.03 7.52 7.10 7.12 7.86 7.88 7.43 7.21 8.88 5.~12 6.86 0.33 0.29 6.48 0.88 0.82 6.86 0.?6 7.12 7.15 7.43 7.31 7.41 7.27 734  7.24 7.02 7.43 7.34 8.52 6.72 

4:00p 0.75 7.57 7.07 6.80 7.37 7.33 7.36 7.09 0.88 8.87 8.61 6.52 6.42 6.43 6.80 0.54 8.71 " 6.86 7.13 7.11 7.33 7.32 7.33 7.28 7.38 7.17 6.36 7.45 7.30 6.77 6.81 O 

5200~ 5.81 7.02 7.14 7.11 7.41 7.86 7.37 7.04 6.72 0.47 5.36 5.E(} 5.86 0.46 5.88 0.64 0.01 7.03 7.18 7.23 7.44 7.30 7.34 7.28 7.31 7.15 0.89 7.46 7.18 7.20 6.64 

6. '00p 6.78 7.80 7.18 7.15 7.43 7.41 7.36 7.04 0.85 8.42 5.46 0.27 6.37 6.88 6.72 8.67 0.84 0.88 7.22 7.33 7.36 7.34 7.33 7.31 7.28 7.06 6.02 7.30 7.33 7.20 0.69 

7 : 0 0 p  6.86 7.86 7.18 7.20 7.41 7.42 7.41 0.0~ 8.74 8.38 0.83 8.17 6.3O 0.37 5.70 5.86 6.81 6.88 ?.11 7.42 7.32 7.33 7.27 7.~2 7.22 6.88 0.82 7.88 7.86 7.18 7.0~ 

8:0013 5.80 7.88 7.07 7.17 7.42 7.40 7.37 7.06 0.(14 8.44 8.51 8.12 6.28 6.88 0.72 0.64 0.73 8.81 7.17 7.27 7.30 7.33 7.28 7.21 7.18 0.80 6.86 7.20 7.32 7.34 7.20 

9:001) O.G2 7.46 7.13 7.17 7.48 7.44 7.30 7.88 8.67 8.46 8.34 5.0~ 0.18 8.52 0.07 5.08 7.03 0.83 7.07 7.12 7.20 7.4~ 7.23 7.28 7.10 0.85 6.00 7.31 7.34 7.30 7.10 

10:00~ 0.88 7.36 7.01 7.14 7.43 7.50 7.88 7.11 0.86 6.35 0.23 6.02 6.17 8.44 0.58 6.50 7.13 6.70 7.28 7.41 7.21 7.50 7.28 7.26 7.14 6.73 8.67 7.29 7.28 7.13 7.04 : 

11:0012 807  731 7(14 7.07 7.40 7.53 7.39 7.05 6.87 0.31 8.18 5.90 6.06 0.40 0.48 6.78 7.04 6.81 5.go 7.41 7.20 7.57 7 . ~  7.34 7.19 5.7? 0.64 7.27 7.22 7.07 7.11 0 ~ 

Max. 

Min. 

Avg. 

8.82 7.62 7 2 7  7.28 7.48 7.53 7.88 7.42 7.10 6.77 8.83 0.52 0.42 0.56 5 .M 6.78 7.13 7.08 7.28 7.42 7.44 7.57 7.82 7.36 7.63 7.38 7.08 7.52 7.41 7.34 7.28 ~" 

0.17 0.88 0 . ~  5 . ~  5.72 725  7.30 15.99 5 . ~  620  0.16 5 . ~  6.91 5.77 8.30 6.33 6.41 OA3 0.64 0.74 6 . ~  7.00 723  7.21 7.14 5.;~ 6 . ~  0.49 7.05 5 . ~  6.31 =4= 

6.86 735  7.08 7.01 7.09 7.37 7.41 7.23 6.93 6.52 6.43 6.20 0.13 0.17 8.55 0.88 (L88 6.78 6.90 7.886 7.21 7.25 7.53 7.29 7.43 7.17 6.84 7.12 7.29 6~RI 0.77 i ~ 
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Average Dally Dissolved Oxygen Readings 
Crystal Falls Hydroelectric Project (Downstream of Dam) 

August 2002, corrected data 
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Hour ly  Olmmolved O x y g e n  Readings:  Crysta l  Fal ls H]Klroelectdc Pro ject  ( D o w n s t n m m  of  Dam) ,  S e p ~  2002,  cor rec ted  da ta  

D~of Month 
T i m e  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22  23 24 25  26 27  28 2g 30 

12:008 7.12 7.14 7.78 8.10 8.11 8.48 7.87 8.47 8.18 7.78 7.40 7.40 g04 8.78 8.78 8.48 9.44 0.21 8.78 8 .41  7.11 7.ge 8.48 8.gG g.7g 9 .71  8.63 10.28 9.77 9.18 

1:008 7.93 7.10 7.80 8.00 7.75 8.35 8.93 8.33 8.10 7.72 7.22 7.83 8.92 8.58 8.53 8.00 9.41 g.93 8.78 8.20 7.21 8.04 8.59 8.96 9.84 9.70 0.68 10.32 8.84 0.18 

2 . ' ~  7.12 7.00 8.13 7.93 7.71 800 A00 8.33 8.13 7.53 7.20 7.46 8.7"7 8.74 8.40 7.92 g~28 9.32 8.96 8.00 7.27 8.13 8.43 8.87 0.74 0.64 9.84 10.34 9.83 9.23 

3.'008 8.82 8.97 7.9e 8.02 7.92 8.30 7.54 8. ~L~ 7.78 7.40 7.(~ 7.46 8.84 8.53 8.53 7.97 02?" 8.96 8.0g 8.18 7.06 8.0e 8.81 9.00 9.88 0.54 0.70 10.41 9.53 9.18 

4. '008 8.53 8.90 7.86 7.il6 8.30 8.10 7.64 7.87 7.75 7.52 8.94 7.53 8.74 8.78 8.30 7.86 9.34 9.06 8.52 8.13 8.93 8.28 8.55 901 981 9.53 975 10.30 0.82 g. le 

5. '008 8.78 8.53 7.53 8.07 8.53 8.04 7.53 7.78 7.58 727 8.84 7.40 8.73 8.47 8.38 7.78 g.53 g.07 8.53 7.53 7.01 824 8.53 8.96 g.g4 9 .61  9.71 10.32 g.sg 9.40 

6 . '0 (0  8.80 8.96 7.53 8.10 8.36 8.15 7.47 7.80 7.79 7.54 8.gO 7.52 8.75 8.67 8.18 8.56 g.12 902 8.48 7.83 Ag7 8.48 8.33 8.GG g.96 g.~6 9.83 1029 9.845 9.41 

7 :008  e.e7 6.46 7.62 8.93 8,24 8.06 7.00 8.00 7.76 7.43 8.78 7.52 8.82 8.53 825 8 .41  g.28 8.53 .521 8.12 7.20 8.48 8.33 9.08 0.00 9.53 9.86 10.25 9.71) g.34 

8:OOa 8.75 8.84 7.82 8.10 .528 7.94 7.72 8.11 7.72 7.25 8.88 7.42 8.53 8.84 8.12 8.45 0.22 8.96 8.13 7.84 7.43 8.57 8.79 9.00 10.00 9.52 9.89 10.15 0.73 9.27 

9 :008  8.64 0.88 7.70 8.22 8.24 7.76 7.53 7.80 748 7.42 8.73 7.48 8.53 8.57 8.93 8.47 9.32 8.84 8.44 7.89 7.27 8.40 8.53 9.07 10.00 g.52 g.g2 10.14 0.72 0.38 

16.'008 8.96 0.73 7.87 8.17 8.34 7.92 7.96 8.14 7.74 7.38 8.93 7.63 8.83 8.53 8.10 8.72 g.04 8.62 8.28 7.87 7.59 8.54 8.96 0.33 10.24 9.73 0.0~ 10.00 9.65 9.32 

11.'008 0.89 8.96 7.84 8 .2D 8.93 7.96 8 .11  8.62 7.0~ 7.44 8.81 7.50 8.73 8.~0 8 .0G 8.53 9.11 8.03 8.31 7.14 7.74 8.84 8 .gG 9.30 10.31 9.60 10.01 10.14 9.70 9.31 

12:00p 8.53 8.78 7.46 8.28 8.31 7.96 8.26 8.93 7.28 8 .N 7.08 8.s7 8.70 8.43 8.14 8.91 g.10 8.83 8.48 7.79 7.80 8.74 8.88 9.37 10.23 9.58 10.04 10.93 9.53 9.32 

l : 0 0 p  7.10 7.41 8.4e 8.29 7.00 8.13 8.51 7.47 7.44 7.04 8.74 8.75 8.87 8.93 9.10 0.07 8.87 8.48 7.25 7.0~ 8.93 9.14 0.48 10.11 9.80 10.04 g.g6 9.51 g.28 

2:00p 8.e0 823 7.86 8.04 8.23 7.82 824 8.74 7.50 7 ~  7. 9 )  8.53 8.96 8.74 8.22 8.97 g.23 8.84 8.33 7 .41  7.92 8.53 0~25 g.44 10.31 9.71 10.07 g.g2 9.47 9.23 

3 : 0 ~ )  7.10 8 52 7.87 8.27 8.48 7.53 8.43 8.62 7.50 7.33 7.20 9.03 g.00 8.85 8.24 9.22 9.23 919 8.80 7.57 8.01 8.85 821 9.40 10.29 9.83 g.g7 0.88 9.35 9.23 

4.'OOp 7.18 8.58 7.74 8.47 800 7.54 8 .31  8.80 7.56 7.33 7.31 0.03 8.82 8.75 8.32 9.30 0.18 0.13 8.12 7 .51  7.00 8.88 913 0.46 10.22 9.53 10.01 982 0.37 8.20 

6.'OOp 7.19 8.53 7.93 8 .51  8.52 7.82 8.00 8.76 8.00 7.78 7.61 924 9 .11  8.70 8.43 g.13 9.57 8.87 8.80 7.58 8.12 g.02 9.11 9.48 IO.Gg 9.77 10.13 9.84 9.38 9.17 

6:00p 7.31 8.48 8.50 8 .31  8.53 7.52 8.43 8.13 8.27 7.74 7.63 9.24 8.96 8.53 8.43 9.43 982 9.10 8.37 7.45 8.00 AGO 9.15 9.43 0.87 0.72 9.04 0.93 9.37 0.14 

7 : ( ~ 3  7.10 8.52 8.44 8.97 8.53 7.84 8.96 8.18 8.13 7.88 7.53 9.29 9.04 8.79 8.36 9.24 9.38 g ~  8.27 7.34 8.04 8.80 g.03 9.4,5 10.00 g.(RI 9.96 9.78 0.24 0.17 

8.'OOp 7.0G 8.19 3.22 8.55 8.41 7.00 8.02 8.(~ 8.00 7,60 7.43 9.15 8.93 8.90 8,50 g.42 0.48 g.93 8.41 7.45 8.07 8.87 8.94 9.33 9.87 g.81 10.13 g,78 g.25 9.18 

9 :00p  8.96 8.38 821 8 . 5 1  7.97 8.00 7.83 7.63 7.78 7.57 7.42 9 .01  g.06 8.75 8.47 9.36 9.38 8 .71  8.57 7.30 7.G0 8.81 8.94 9.38 9.78 9.64 10.18 9.74 9.22 8.Gg 

16 :00p  7.22 8.34 8.12 8.7 '8 8.28 8.15 7.04 7.7'3 7.100 7.59 7.52 9.27 8.82 8.84 8.47 9.4.9 9.32 8 .91  8.54 7.25 8.01 8.53 0.93 9.33 0.84 9.65 10.17 0.70 0.17 9.00 

11 :00p  891 8.39 820 8.19 8.07 8.93 8.36 7.48 7.80 7.00 7.54 0.93 8.92 8 .81  8.44 8.4,5 0.30 9.10 8.81 7 . ~  8.04 8.67 8.01 9.36 0.82 9.65 10.17 9.80 9.13 9 r~ 

7.31 8.56 8.50 8.07 8.58 8.48 8.43 8.80 8~/' 7.78 7.8g g.2g g.11 8.90 8.78 9.49 9.82 9.32 B.g3 8.41 8.12 0.02 g.25 g.48 10.31 9.86 10.18 10.41 0.88 9.41 

Mi~. 8.a4 846 7.41 7.83 7.71 7.52 7.47 7.48 7.28 e.N 6.72 7.40 8.58 8.43 8.93 7.78 9.04 8.54 8.12 7.14 8.93 7.96 8.33 8.87 9.74 9.~RI 8.83 9.74 9.13 8.89 

Avg. 6.96 7.56 7.86 8.28 8.24 7.97 7.96 8.20 7.81 7.4.9 7.19 8.28 8.84 8.m 8.33 8.77 9.29 8.96 8.47 7.70 7.81 8.56 8.83 9.23 10.00 0.64 0.0~ 10.93 0.56 9.22 

• serv*~ poin¢ (rnlx,*,0 ~ m  ) 
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Hourly Delta Temperature Calculltloml: Crystal Falhi Hydroelectric Project (Downstream Minus Up~m~mm), June 2002 

O~y of Month 

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

12.'00a 0 2  0.1 0.3 0.1 0.3 0.4 0.3 0.2 0.2 0.1 0 ~  0 ~  0 ~  0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0 2  0.3 0.1 0.3 0.2 0 2  0.4 0.3 0.1 

l:00a 0.1 0 2  0.1 0 2  o ~  0.4 0.3 0.2 0.1 0.1 0.3 0 ~  0.3 0 2  0.3 0.3 0.3 0.3 0.3 0.3 0 2  0.2 0.2 0.2 0 3  0.2 0.4 0.2 0 3  0 2  

2:000 0.1 0 2  0.1 0 2  0.3 0.4 0.3 0 2  0 2  0 2  0.2 0.3 0.3 0 ~  0 2  0.2 0.3 0.3 0 2  0.3 0.3 0 2  0.3 0 2  0.2 0 ~  0 3  0 2  0.4 0 2  

3:00a 0 2  0 2  0.3 0 2  o ~  0.5 0.4 0.2 0 .2  0.1 0.2 0 3  0.3 0.3 0 2  0 3  0.3 0.3 0 2  0.2 0.2 0.3 0 2  o ~  0.2 0.1 0.3 0.3 0.3 0.2 

4 : 0 0 a  0.3 o ~  0.1 0.2 0.1 0.5 ~4  0.4 0 .2  0 2  0 . 3  0.3 0 2  0.3 0.1 0.3 0.3 0 2  0.2 0.4 0.3 0.3 0.2 0.1 0.3 0.3 0.3 o ~  0.3 o~  

5 ; 0 0 8  0 2  0 2  0.1 0.1 0.3 0.5 0.3 0.3 0.1 0.3 ~ 3  0 2  0 2  0 2  0 2  0.3 0.4 0 2  0.3 0.3 0.3 0.2 0.3 01  0.3 0.2 0.3 0 3  0 3  0 2  

6 . ' 0 0 8  0 1  0 2  0 2  0.0 0 2  0.4 0.3 0.3 0.1 0.3 0 2  0 2  0 2  0.4 0.3 0 2  0 2  0.3 0 2  0.3 0 2  0 2  0.3 0 2  0.3 0.3 0 2  0.3 0.2 0.0 

7. '00a 0 2  0.1 0.2 0.3 0.1 0.3 0 2  0.2 0 2  0.1 0 ~  0.1 0.1 0.3 0.3 0 2  0.2 0.3 0 2  0.2 0.3 0.3 0.3 0.1 0.3 0 2  0.3 0.2 0 3  0.2 

8 . ' 0 0 ~  0.1 0.1 0.2 0 2  0.1 0.3 0.3 0.3 0.1 0 2  0.2 0.2 0 2  0.3 0.3 0 2  0 2  0 2  0.2 0.3 0.2 0 2  0 2  0.1 0.3 0.3 0.3 0.3 0 2  0.1 

9 : 0 0 a  0.3 0.2 0.1 0 3  0.3 0.3 0.1 0.2 0.2 0 2  0.1 0.2 0.2 0 2  0 3  0 2  0.2 0 2  0 3  0 3  0 3  0.3 0.1 0.2 0 2  0 2  0.3 0.2 0.1 0 0  

10:00a 0 0  0.1 0.1 0 ~  0.2 0 2  0.1 0.1 0.3 ~ 3  0.1 0.1 0.3 0.4 0.3 0.3 0 2  0.2 0.2 0.3 0 2  0.2 0.1 0 2  0 2  0.1 0.3 0.2 0.0 0.1 

1 1 . ' 0 0 8  0.3 0.1 0.2 0.3 0.3 0 2  0 2  0 2  0 ~  0.3 0 2  0.1 0.3 0 A  0.4 0.3 0.4 0.4 0.2 0.0 0.3 0 2  0.2 0 2  0 ~  0.0 0.3 0.5 0.1 0.3 

12:00p 0.2 0 0  0 2  0.3 ~ 7  0.1 0 2  0.3 0 .3  0.0 0.1 0 2  0 2  0 2  0.3 0.4 0.3 0.4 0.3 0.1 0 ~  0 2  0.1 0.4 0.1 ~.1  0 2  0.7 0.1 0.2 

1 : 0 0 p  0.3 0.1 0.3 0 2  0.2 0 2  0 2  0 A  0.1 0.4 0.3 0 ~  0.4 0.a 0.4 0.3 0.a ~ 4  0 2  0.0 0.4 0 2  0 2  0 2  0. I  ~ 2  0.1 o.e 0.0 o.s 

2.'00p 0.4 0.1 0.1 0 2  0.5 0.8 0.1 0.5 ~ 3  0.4 0 2  0.2 0.4 0.3 0.3 0 2  0.3 0.3 0.4 ~ . 2  0.1 0.5 0 2  0.3 0.4 0.0 0.@ 0.3 ~ 2  0.8 

3. '00p 0 2  0.1 0.2 0.2 0.5 0.3 0.1 0.5 o ~  0.4 0.1 0.0 0.4 0 2  0.3 0.3 0 2  o ~  0.3 ~ 2  0 2  0.1 0.3 0 2  0.4 0.1 0.7 0.3 0.3 0 7  

4 : 0 0 0  0.3 0 2  0 2  0.3 0.~ 0.6 0.1 0.1 0 ,2  0,3 0.1 0.1 0,6 0.4 0.3 0.3 0 2  0.4 0.3 0.0 0.3 0.2 0.4 0.1 0 2  0.1 0.7 0 5  0.4 0 8  

5 : 0 0 p  0.3 0 2  0 2  0 2  0.7 0.8 0.0 0.3 0.1 0.2 0.3 0.3 0.2 0.3 0 3  0.1 0.3 0 2  0.0 0.4 0.3 0.3 0.5 0.1 0.2 0.8 0.3 0.8 0 9  

6:00p 0.2 0 0  0.3 0 2  0.8 1.1 0.1 0 2  0.1 0 A  0.2 0.3 0.3 0.3 0.4 0.3 0.2 0.4 0.3 0.0 0.4 0.3 0.2 0.3 0.2 0.3 0.4 0.4 0 2  0.4 

7:00p 0.1 0.1 0.1 0.1 0.3 0.7 0 0  0.1 0.3 0.0 0 2  0.2 0 2  0.3 0.4 0.3 0.3 0.5 0.3 0.3 0.4 0 2  0.4 0.3 0.3 0 ~  0.4 0 2  0.2 0.5 

8 . ' 0 0 ~  0.1 0.1 0.1 0.3 ~ 2  0.3 ~.1  0 2  0.2 0.0 0.1 0.3 0.3 0.3 0.3 0.4 0.3 0.2 0.3 0.3 0.3 0.0 0 2  0.0 0.5 0.3 0.4 0.2 0.0 0.O 

9:00p 0 2  0.1 0.1 0 2  0.0 ~ 0  0.1 0.3 0.3 0 . I  0 2  0 2  ~ 3  0.3 0.3 0.3 0 A  0.3 0.3 0 2  0.3 0.1 0 2  0.0 0.3 0.3 0 2  0.2 0.0 0.5 

10:00p 0.1 0.1 0.3 0.1 0.2 0.1 0.3 0.1 0.2 0 ~  0.1 0.3 0 2  0.3 0.3 0.3 0.3 0.3 0.3 0 2  0 ~  0.1 0 2  ~.1 0.3 0 2  0 2  0.3 0.0 0 2  

11.'00p 0.1 0.3 0.1 0 3  0.4 0 3  0 2  0 ~  0.3 0.3 0.1 0.2 0.3 0 2  0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0 2  0.2 0.3 0.3 0.3 0 2  0 1  0.0 

(0 

oJ (-y 
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t~  
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Q 
t~  
t~  

I 
Q 
t~  
Q 

fO 
f l  
fO 

< 
fO 

M 

0 

M 

Q 
t~  

t~  

t~  
Q 
Q 

0 
f l  

M a x .  0.4 0.3 0 3  0.3 0.8 1.1 0.4 0.5 0 3  0.4 0.3 0.3 0.8 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.4 0.5 0.5 0.3 0.8 0.7 0.8 0.9 

M i n .  0.0 0.0 0.1 0.0 ,.,02 0.0 -0.1 0.1 0.1 0.0 0.1 o o  0.1 0.2 0.1 0 2  0.1 0.2 0.2 .o.2 0.1 0.0 0.1 -0.1 0.1 -o.2 0.1 0,2 -o.2 0.0 

A v g .  0 2  0.1 o 2  0.2 o.3 0.4 0.2 0.3 0,2 0.2 0.2 0 2  0.3 0.3 0.3 o.3 0.3 0.3 0.3 0.2 0.3 o.2 0.2 o.2 0.3 0.2 0.4 0.3 0.2 0.3 
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Hourly Delta Temperature Calculations: CrysUd Fails I.lydmetectrlc Project (Downstream Minus Upstream). July 2002 

Day of Month 

T i m e  1 2 3 4 5 6 7 8 • 10 11 12 13 14 15 16 17 18 19 ~0 21 22 23 24 25 2~ 27 28 29 30 31 
I 

12:00a 0.0 O~ 0.0 0.1 0.0 0.1 ~.1  ~ . 4  O 0  0.1 0 2  O~ 0.3 O~ 0.1 ~ . 5  ~ 0 2  0.2 0.0 0.1 O~ 0.2 0 3  0.3 0.2 0 2  0.3 0.4 0 3  0.2 

l:00a 0.0 o ~  0.0 o ~  0.0 0.2 ~.1  0.0 0.0 o~  0.1 0.3 o ~  0.3 0.1 0.0 ~ 0.1 0.3 0.3 0.0 0.1 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.3 

2:00a 0 2  0.1 0.0 0.0 0.0 0 2  0.0 0.0 O~  0.1 0.3 0 2  O~ 0.3 0.0 0.1 0.0 0.1 0 2  O~ 0.2 O~ 0.3 0.3 0.2 0.1 O~ 0.3 0.3 O~ 0 2  

3:00(3 0.1 0.1 0.3 0.1 ~ .1  0.2 0.~ 0.1 0.1 0.0 O~  0.3 0 2  O~ 0.2 0.2 0.1 0.1 O~ 0.3 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.2 0.2 

4 ; 0 0 8  0.2 0 1  0.0 O0  0.0 0.1 0.1 0.1 0.1 0.1 0.2 0 2  0.2 O~ 0 2  0.1 0.0 0 2  0.1 0.1 O~ 0.2 0.3 0 3  0.3 0.2 0.3 O~ 0.4 0 2  0.2 

0 
5 : 0 0 8  O~ 0.3 0.1 0.1 0.1 0 2  0.1 0.1 0.0 0.1 O~  0.2 O~ 0.2 O~ 0.1 0.0 O~ 0.1 0.3 0.2 0.3 o ~  0.3 0.3 0.2 0.3 0.3 o ~  0.2 O~ 

~.'OOa 0.2 0 2  0.0 0.0 0.1 0.1 0 2  0.1 0.0 0.1 0.1 0.3 0.2 O~  0.2 0.1 0.1 0.1 0 2  O~ 0.3 0.2 0.3 0.2 0.3 0 2  0.3 0.3 0.5 0.3 0.2 0 

~ ; ~  0.1 0.1 0.0 0.1 0 2  0.1 0.3 0.1 O ~  O~ 0.3 O~ O~ 0.3 O~ 0.t  0 2  0.0 0.1 0.3 0 2  0.2 0.2 0.2 0.3 0.2 0.3 O~ 0.3 O~ 0.1 0 

~ : 0 0 8  0.1 0.1 0.0 0.0 0.1 0.2 O~ 0.1 0.1 0.1 O~  0 2  O~ O~ O~ 0.1 O~ 0.1 O~ 0.3 O~ 0 2  0.3 0.3 0.3 0.2 0.3 O~ O~ O~ 0.3 
I 

9 : 0 0 a  0.0 0.0 0.1 o o  0.1 o ~  0.0 0.1 0.0 o~  o ~  o ~  o ~  0.3 o ~  0 2  0.1 0 1  0.0 0 2  0.3 0.2 o ~  0.2 0 2  0.2 0.3 0 1  0.1 0.2 

lO:OOa 0.3 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.3 0.3 0.5 0.3 0.4 0.2 0.1 0.1 o ~  0.3 0 2  0.3 o ~  0 3  o ~  o ~  0 2  0 3  o ~  0.0 0 2  

11.-00a 0.3 ~.1 0.1 0.2 O~ 0 2  0.1 0.2 O~  0.1 0.3 0.3 0.5 0.1 0.3 0.1 0 2  0.1 0.4 0.4 0.1 0.3 0.3 O~  0.2 0.2 0.1 O~ 0 2  0.2 0.2 

12:00p 0.0 0.3 0.1 0.4 0.3 0.1 O~ O~  0.1 0.4 0.3 0.5 0.4 O~ 0.0 0.1 0.1 0.3 0.3 0.4 O~ 0.4 0.3 0 2  0 3  ~ 2  0.1 0.2 0.1 0.1 < 

1.'001) 0 6  O~ ~ . 3  0.3 0.0 0.4 O0  0 2  0.0 0.1 0.1 0.2 O~ 0.3 0.2 0.1 ~.1 0.2 0.6 O~ O~ 0.4 0.4 0.4 0.2 0.0 0.1 0.0 O~ 0.0 0.1 

2:00p o.e 0 4  0.7 0 2  0.3 0.7 0.3 0 2  0.3 0.1 0.3 0.1 0.1 0 2  ~.1  ~ . I  ~ .1  0.1 0.7 0.2 ~ o ~  0.4 0.4 o ~  ~ .1  0.7 0.3 o ~  0.3 0.1 

3:00p 0 9  0.7 0.5 0.5 0.3 0.8 0.1 ~ . 2  0.1 0.0 0.2 0.1 0 1  O0  0 2  0.1 ~ . I  0 2  0.7 0.0 0.1 0.3 0.3 0.4 0.3 ~ . 4  0.6 0.3 0.2 0.5 0 2  

4:00p 0.8 0.4 0 3  0.5 ~ .1  0.1 0.1 0.3 0.4 0.0 O~ O~ ~ .1  0.1 ~ 0.0 ~.1 0.1 0.8 0.1 0.2 0.2 O~ 0.2 0.2 ~.1  1.1 0.4 0.1 0.3 0.1 

5:00p 0.3 0.7 0.4 0.5 ~.1  0.2 ~ . 5  0.0 0.2 0.1 1.1 ~ .6  ~ 0.1 ~ . 6  0.1 0.0 0.3 0.8 0.3 0.5 O~ 0.3 0.2 0.3 0 2  0 7  0.7 0.0 O~ 0 1  

~ . ' ~  0.5 0.5 0.3 0.3 ~.1  0.1 0.6 0.0 O~  0.0 1.0 ~ . 8  ~ . 4  O~ ~ . 4  0.1 0.1 0.4 0.8 O~ 0.4 O~ 0.3 0.4 0 2  0.1 0.6 ~ . 3  0.1 0.3 0.1 0 

7:00p 0.3 0.2 0.1 0.1 ~ .2  0.3 ~.1 0.1 0.1 0.0 0.7 ~ . 5  ~ . 5  0.2 ~ .5  0.0 0.0 0.3 0.7 ~ .1  0.3 0.3 0.3 0.3 0.2 0.3 0.1 0.0 0.3 0.3 0.0 

8 : 0 0 p  O~ 0.3 0.0 0 2  ~.1  ~ .1  0.0 0.1 0.1 O~ 0.8 ~ ~ . 4  O~ ~ . 3  ~ . 3  O~ 0.3 0.8 ~ . 2  0.2 0.3 0.3 0.3 0.3 O~ ~ .1  0 0  0.1 0.1 0.3 

9.'00;) 0.0 0.1 0.1 0.1 0.0 0.3 ~ . 5  0.0 0.2 O.3 ~ .1  0.2 ~ . 3  0.1 ~ 2  ~ .4  0.1 0 2  0.4 0.1 0.1 0.1 0.3 O.3 0.3 0.2 ~.1  0.2 0.3 0.2 0.3 

lO:OOp 0.5 0.0 0.0 0.2 O~ 0.3 ~ .4  0.0 0.1 0.1 ~ . 5  0.3 ~ 2  0.3 0.0 ~ . 3  0.1 0.1 0.3 0.0 0.1 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.0 0.2 

11:00p 0 1  m. l  O~ 0.1 0.2 0.1 ~ .2  O0 0 t  0 2  ~ 1  0 R 0 1  0 2  ~ 5  ~ . 4  0.1 0.1 0.3 0.1 0 3  0.3 0.3 O~  0.1 0.3 0.3 0.3 0.3 0.1 0 ~ 

MaX. 0.9 0.7 0.? 0.5 0.4 0.8 0.6 0.3 0.4 0.3 1.1 0.3 0.5 0.4 0.4 0 2  0 2  0.4 0.8 0.4 0.5 0.4 0.4 0.4 0.3 0.3 1.1 0.? 0.5 0.5 0.3 

Mlln. 0.0 ~ . I  ~.3 0.0 ~ 2  ~ . I  ~.5 ~.4 0.0 0~ ~ .5  ~.8 ~.5 0.0 ~.6 ~ .5  ~ 0.0 0.0 ~ 2  ~ 2  0.1 0~  0.2 0.1 ~.4 ~ 2  ~.3 0.0 0 0  0.0 

Avg. 0.3 0 2  0.1 0 ~  0.1 0 ~  0.0 0.1 0.1 0.1 0.3 0.1 0.1 0.2 0.0 0.0 0.0 0 2  0.4 0 ~  0 ~  0 ~  0.3 0.3 0.3 0.1 0.3 0.3 0.2 0.2 0.2 
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Hourly Delta Temperature Calculations: Cn/stal Fails Hydroelectric Project (Downstream Minus UpstnNun), August 2002 

Day of Month 

T i m e  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 29 30 31 

12.'00a 0.3 0.3 0.3 0.4 0.3 0.2 0 2  0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.4 0.3 0.3 0.3 0.2 0.1 0.0 0.4 0.1 

1 : 0 0 8  0.4 0.3 0.3 0.4 0.5 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.1 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.2 0.2 0 2  0.3 0.3 

2 . ' 008  0.2 0.3 0 3  0.3 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.3 0 2  0.3 0.2 0.2 0.3 0.2 0.3 0.2 0.2 0.3 0.1 0.3 0.1 0.3 0~2 0.2 0.2 0.2 0.2 

3.'008 0.3 0.2 0.4 0.3 0.3 0.1 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.2 0.2 0.4 0.2 0.2 0.3 0.3 0.2 0.3 0.2 0.3 0.1 0.1 0.2 

4 : 0 0 8  0.2 0.2 0.2 0.3 0.2 0 2  0.3 0.2 0.3 0.3 0 2  0.3 0.3 0.2 0.3 0.1 0.2 0.2 0.2 0.2 0.2 0.5 0.4 0.3 0 2  0 3  0 2  01 0.2 0 2  0.3 

5 : 0 0 8  0.3 0.2 0.4 0.3 0.3 0.2 0 2  0.2 0.3 0.3 0 2  0.3 0.4 0.2 0.3 0.3 0.2 0.2 0 2  0.1 0 2  0.3 0.3 0.4 0.3 0.2 0 2  0 2  0.3 0.2 0 2  

6 : 0 0 a  0.3 0.3 0.2 0.3 0 2  0 2  0 2  0.2 0.2 0.3 0.3 0.4 0.2 0.3 0 2  0 2  0 2  0.3 0.2 0.2 0.3 0 3  0.3 0.4 0 2  0.1 0.2 0.3 0.2 0 2  0.2 

7 : 0 0 8  0.3 0.2 0 2  0.3 0 2  0.3 0 2  0.2 0.2 0 2  0 2  0.2 0.2 0.2 0.1 0 2  0.1 0 2  0 2  0.1 0-2 0.3 0.3 0.3 0 2  0.2 0.2 0.3 0.2 0.1 0.2 

8 : 0 0 8  0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.3 0.1 0.2 0 2  0.2 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.3 0.2 0.2 0.2 0.2 0.1 0.2 

9 : 0 0 a  0 2  0.3 0 3  0.3 0 3  0.2 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.3 0.0 0.2 0.3 0.3 0.3 0.2 0.2 0.1 0.2 0.2 0.1 0.3 

lO:OOa 0.2 0.4 0 3  0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.1 0.3 0.2 0.1 0.2 0.1 0.2 0.3 0.2 0.1 0.1 0.3 0.3 0.4 o o  0.2 0.2 0.2 0.2 0.3 0.2 

11:0(~I 0.3 0.2. 0.4 0.3 0.3 0.4 0.4 0 2  0.3 0.1 0.1 0.1 0.3 0.3 0.3 0.3 0.2. 0.1 0.2 0.4 0.1 0.3 0.3 0.4 0.2 0.1 0.2 0.2 0.2 0.3 0.2 

12:00p 0.2 0 2  0.4 0.2 0.3 0.3 0.4 O.S .,0.3 0.0 0 2  0.2 0.3 0.5 0.2 0.2 0.2 0.2 0.2 0.@ 0.1 0.3 0.3 0.3 0.2 0.3 0.1 0.3 0.2 0.3 0.3 

1.-OOp 0.3 0.3 0 3  0.4 0.2 0.4 0.3 0.5 -0.1 0.0 0.2 0.1 0.2 O.e 0.3 0.3 0.1 0.4?, 0.2 0.5 0.1 0.4 0.3 0.8 0.1 0.3 0.2 0.2 0.8 0.6 0.4 

2:00p 0.3 0.3 0.3 0.4 0.2 0.4 0.1 0.8 0.1 0.0 0.3 0.3 0.2 0.0 0.3 0.2 0.2 0.2 0.3 0.6 0.2 0.6 0.4 0.2 0.0 0.0 0.2 0.4 0.8 0.7 0.6 

3:00p 0.2 0.3 0.3 0.3 0.3 0.2 0.5 0.1 0.7 -0.1 0.3 -0.1 0.3 0.6 0.1 0.1 0.1 0.1 0.4 O.O 0.1 0 4  0.4 0.2 0.2 0.1 0.0 0.6 0.9 0.6 0.8 

4:00p 0 2  0.3 0 3  0.3 0.4 0.4 0.4 0.0 0.2 0.0 0.3 0.4 0.5 0.4 -0.1 0.2. 0 2  0.1 0.3 0.8 02. 0.7 0.4 0.2 0.2. 0.2 0 0  0.8 0.7 0.8 0.6 

5;OOp 0.1 0.3 0.3 0.3 0.4 0.3 0.3 0.0 -0.2 -0.2 0 3  0.2 O.fi 0.5 0.1 0.3 0.2 0.0 0.2 0.@ 0.2 0.7 0.4 0.2 0.1 0.1 0.0 O.e O.e 0.4 0.2 

6:OOp 0.2 0.3 0.3 0.3 0.4 0.4 0.3 -0.1 0.1 -0.4 0 2  0.2 0 3  0.0 0 1  0.7 0.2 0.0 0.2 0.4 0.3 0 5  0.4 0.4 0.3 0.2 0.0 0.7 0.8 0.3 0.2 

7:00p 0.3 0.3 0.3 0.4 0.4 0.3 0.3 0.0 -0.4 0.0 0.7 0.3 0.1 0.2 0.2 0.8 0.3 0.2 0.1 0.4 0.2 0.2 0.4 0.2 0.2 0.1 0.2 0.5 0.3 0.0 -0.1 

8 : 0 0 p  0.3 0.3 0.3 0.3 0 2  0.3 0.3 0.1 4).1 0.1 0.5 0.1 0.~ 0.4 0.1 0.5 0.3 0.1 0.2 -0.3 0.3 0.4 0.3 0.2 0.1 0.0 0.2 0.6 0 2  0.2 0.1 

9 :OOp 0.2. 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.1 0.2 0.3 0.1 0.2 0.1 0 2  0.3 0.3 0.1 0.3 -0.4 0.2 0.4 0.3 0.3 0.2 0.2 0.3 -0.1 -0.1 0.0 0.2 

lO:OOp 0.2 O.a 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.4 0.0 0.2 0.2 0.2 0.3 0.2 0.3 0.1 0 2  -0.1 0.2 0.4 0.3 0.3 0 2  0.3 0.3 -0.1 -0.2 0.0 0.2 

11:00p 0.2 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0.3 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.3 0.2 0 2  .01  0.1 0.4 0.4 0.3 0 3  0.2 0.3 0.2 O.O 0.2 0.2 
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0.4 0 4  0.4 0.4 0.5 0.4 0.5 0.8 0.7 0.4 0.7 0.4 0.5 0.8 0.3 0.8 0.3 0.3 0.4 0.8 0.3 0.7 0.4 0.8 0.4 0.3 0.3 0.7 0 9  0.8 O.e 

Min. 0.1 0.2 0.2 0.2. 0.2 0.1 0.1 ,,0.1 -0.4 -0.4 0.0 ,,0.1 0.1 0.0 -0.1 0.1 0.1 0.0 0.1 -0.4 0.1 0.2 0.1 0.2 0.0 0.0 0.0 -0.1 -0.2 0.0 -0.1 

A v g .  0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.1 0.3 0.2 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.3 0.2 0.4 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.3 0.3 
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Hourly Delta Temperature Calculations: Crystal Falls Hydroelectric Project (Downstnmm Minus Upstream), September 2002 
m , , . ,  

"nnl lo 1 2 3 4 5 0 7 8 9 10 11 12 13 14 15 10 17 18 1g 20 21 22 23 24 25 26 27 28 29 30 

12:00a 0.3 0.2 0.3 0.3 0.1 0.3 0.3 0.1 0 2  0.2 0.2 0.3 0.1 0.2 0.4 0 4  0 ~  0.3 0.3 0.3 0.3 0.3 0.3 0.3 0 ~  0.2 0 ~  0 2  0 2  0 3  

l : 0 0 a  0 ~  0.3 0 ~  0.1 0 ~  0 ~  0.$ 0.4 0 2  0.1 0.2 0.3 0 ~  0 2  0.3 0 ~  0 ~  0 2  0.4 0.3 0.3 0.3 0.3 0 ~  0.1 0.3 0.3 0 ~  0.3 0.3 

2:00a 0.2 0.3 0.3 0.2 0.3 0.1 0.3 0.3 0 ~  0.1 0.3 0 2  0.1 0.1 0.4 0.4 0 ~  0.3 0 ~  0 3  0.3 0.4 0.3 0.2 0.2 0.0 0.1 0.2 0 ~  0.2 

3:00a 0.3 0.3 0 2  0 2  ~ 2  0 ~  0.$ 0.3 0 2  0.2 0 1  0 ~  0 ~  0 2  0.3 0.3 0.3 0.3 0.4 0.3 0 2  0.3 0.4 0.1 0.1 0.1 0.2 0.2 0.1 0.2 

4 : 0 0 8  0.2 0 2  0 2  0 2  0 2  0 2  0.3 0.4 0 2  0.2 0.2 0.3 0 ~  0 2  0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0.4 0.1 0.2 0 ~  0.1 0.2 0.2 0 2  

5 :00a  0.1 0 2  0.3 0 2  0 2  0.4 0.3 0 2  0.3 0 2  0.3 0.3 0 ~  0.3 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.3 0.3 0.2 0.1 0.2 0.1 0 2  0.3 0~ 

6 . ' 0 0 8  0.2 0.3 0.3 0 2  0.2 0.3 0.3 0.2 0 ~  0 ~  0.2 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 ~ 4  0.1 0.1 0 ~  0.1 0 2  0.2 0 2  

7:0~8 0 2  0.2 0 2  0.3 0.3 0.3 0.3 0.3 0.3 o ~  0.2 0.4 0.2 0.3 0.3 0.3 0.3 0 2  0.3 0.3 0.4 0.4 o ~  0 2  0.1 0.1 0.0 0.1 0 2  0.3 

8 : 0 0 8  0 2  0 3  0.4 0.2 0.2 0.3 0.3 0.2 0 2  0 2  0.3 0.3 0 2  0.3 0.3 0.2 0.3 0 3  0 2  0.3 o ~  0 3  0 3  0.2 0.1 0.3 o ~  0.3 0 2  0.2 

9 ; 0 0 a  0 1  0.3 0.2 0 2  0.2 0.3 0.4 0.2 0 2  o ~  o ~  0.3 o ~  0 2  0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.2 0.1 0.1 0.1 0.2 o ~  0.3 

10.'00a 0 2  0 1  0.3 0 2  0.2 0.3 0.4 0.1 0.3 0.3 0.1 0.3 0 ~  0 2  0.1 0 2  0 2  0.3 0 ~  0.3 0.3 0 ~  0.3 0.2 0 2  0 2  0.1 0.3 0.2 0 2  

11:0Cla 0 2  0.3 0 ~  0 2  0.2 0.3 0.4 0.2 0.3 0 2  0 2  0 2  0.2 0 2  0 2  0.3 0.4 0.3 0 ~  0.3 0.3 0.3 0.1 0 2  0.1 0.0 0.0 0.2 0.2 0 ~  

12:00p 0 4  0 4  O~ 0.3 0.2 0 3  0 4  0.3 0.6 0.3 0.3 0.1 0.4 O~ 0.4 0 2  0 6  0 2  0.3 0 3  0.1 0.4 O~ 0.0 0.1 O~ 0.3 0 2  0.3 O~ 

1;0013 0 2  0 3  0.3 0 2  0.3 0.4 0.3 0.8 0 2  0.3 0.1 0.4 0.1 0.3 0.3 0.5 0.3 0.2 0.3 0.3 0.4 0.3 0.1 0.2 0.1 0.0 0.1 0.2 0~ 

2 : 0 0 p  0.4 O.e 0.1 0.7 0.3 0 2  0.0 0.3 0.9 0.3 0.1 0 2  0 2  0.3 O~ 0.4 0.7 0.5 0.2 0.4 0.4 0.3 0.2 0.2 0.3 0.1 0.1 0.1 0.2 0.2 

3 :00p  0.1 0.3 0.2 0.5 0.3 0.3 ~ .4  0.0 0.5 0.3 03  0~  0.4 0.0 0.5 0.3 0.6 0.3 0.4 0.4 0.3 0.3 0.4 0.2 0 ~  0.2 0.1 0 ~  0 2  0.3 

4:001) 0.1 0.4 0 3 0.4 0.3 0.3 O.e ~ .1  0 7 0.2 0.2 O~ 0.4 O~ 0.4 O~ 0.1 0.4 0 2  0.3 0 4 0.3 0.3 0.5 0.3 0.0 0 2 0 2 0 2 0 5  

5 : 0 0 p  0.1 0.3 0.3 0.4 0.3 0.5 0.5 ~.1 0A 0.3 0.3 0.1 0.3 0.4 0.2 0~ 0.5 0.1 0.2 0.3 0.4 0.3 0.2 0.3 0 2  0 2  0.3 0.2 0.3 0.4 

6:00p 0.1 0 2  0.2 0.3 0 2  0.4 0.9 0.6 ~ . 2  0 ~  0.3 0.2 0.0 0.3 0.3 0.4 0.5 0.2 0.3 0.3 0.4 0.3 0.2 0.3 0.3 0.1 0.2 0.3 0.1 0.3 

7:OOp 0.3 0.1 0 2  0.1 0.3 0.4 0.6 0.8 ~ . 3  0.3 0.2 0.3 0 2  0.4 0.3 0.4 0.4 0.2 0.3 0.3 0.3 0.3 0.4 0.1 0 2 0.1 0.3 0.1 0.1 0.3 

8 . ' 0 0 p  0.1 0.3 0.3 0.1 0.3 0.4 1.4 0.3 0.1 0.3 0.1 0.2 0.0 0.4 0.4 0 ~  0 0  0.2 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0 ~  0 ~  0.3 0.2 0.3 

9:00p 0 1  0.3 0.4 0.2 O~ 0.4 0.8 0.3 0.0 O~ 0.3 0.2 O~ 0.3 0.3 0 2  ~ 2  0.2 0.3 0.3 0.3 0.3 0.3 O~  O~ 0.1 0.2 0.2 0 2  0.4 

lO:OOp 0.1 O~ O~ 0.1 0.3 0.4 0.9 0.3 0 2  O~ 0.3 0.2 O~ 0.3 0.3 O~ 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.0 0.1 0 2  O~ 0.3 

11:00p 0.2 O~ 0.2 0.2 0.$ 0 3  0.4 0.1 0.1 O~ 0.2 0.2 O~ 0.4 0 2  0.1 0.0 0.3 0.3 0.4 O~ 0.4 0 2  0.1 0 2  0.2 0.1 O~  O~ 0.3 
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Min. 0.1 0.1 0.1 0.1 0.1 0.1 ~ 4  ~.1  ~ . 3  0.1 0.1 0.1 0.0 0.0 0 . I  0.1 ~ 0.1 0 2  0.3 0.1 0.2 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.2 

A v g .  0 2  0.3 0.3 0.3 0 ~  0.3 0 ~  0 2  0.3 0 ~  0 2  0 2  0.2 0.3 0 3  0.3 0.3 0.3 0.3 0.3 0.3 0 3  0.3 0.2 0 2  0.1 0.2 0.2 0.2 0.3 I 
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February 5, 2002 

City of Crystal Fails, Elec~c Department 
Attention: David Graft 
401 Superior Ave. 
Crystal Fails, MI 

Dear Mr. Graft: 

Reg~ding your comments on the 2001 final report of the threc-year water qu~ ty  monitoring study 
for the City of  Crystal Falls Hydroelectric Project, I am providing more specific details about our 
response to the incident that occurred August 2001 where low oxygen resdings were recorded. I 
provided an incident report to the agencies dated August 22 strongly supporting the finding that the 
unit in question was out of  calibration at the time these readings were taken, probably due to DO 
calForation drift. 

In the incident report, three calibration trials in tap water, well-stirred tap water, and moist air 
showed differences between the unit and a lab--calibrated YSI DO meter of  1.1, 1.3, and 1.5 rag/L, 
respectively. Using the roost conservative adjustment of  1.1, I reported the lowest reading would 
have been 4.97. ARer further review, I have determined that this number was the result o f  an 
incorrect rounding procedure. The sum of  the lowest recorded reading (3.87) and 1.1 should have 
been rounded to 5.0, reflecting the accuracy of  the YSI meter to the tenth. Additionally, the field unit 
is more likely reading to the tenth but reporting greater accuracy as a result of its software design. 

This rounding procedure (involving the hundredth's decimal place) points out how slight arithmetic 
decisions can make a difference in determining whether readings are actually within stated water 
quality standards of  5.0 rog/L or above. Using either of  the other corrections of  1.3 and 1.5 would 
have placed the lowest reading at either 5.2 or 5.4, respectively. An average between the three trial 
corrections would have settled on 1.3 mg/L rather than the more conservative 1.1 correction used. 

For the reasons stated, roy professional opinion is that the water quality standard of  5.0 mg/L was 
not exceeded. Unfortunately, we have no independent evidence, either corroborating or refuting DO. 
measures taken downstream by the continuously measm~g Datasonde. No independent DO 
measurements upstream or downstream were taken during the period when readings were at their 
lowest. Next summer's stepped-up schedule of  every 10 days, with special attention to water 
ternperature conditions above 25°C, may help alleviate the problems of  calibration drift and lack of  
supporting evidence, and provide an ample data set in the final year of  the study. 

Sincerely, 

Kent F. Premo 
Associate Consultant 

429  Rtvm" Lane, B o x  2 7  • Amasa, MI 499(13 • Ph  9 0 6 / 8 2 2 - 7 8 8 9 ,  Fax - 7977  • w e b :  white-watm'-omodatm.com, e-marl: wh/tewt~up.net 
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JENNIFER M. GRANHOLM 
GOVERNOR 

Mr. Keut Premo 
White Water Asseclm~ Inc. 
429 Rivet Lane, P.O. Box 27 
Amasa, MI 49903 

STATE OF M I C H I G A N  

DEPARTMENT OF NATURAL RESOURCES 
LANSn~O 

January 3, 2003 
Refer to: 4202.2.76 

K. L. COOL 

I 

City of Cryml FaUs Hydmelec~'ic Project (FERC No. 11402) 
Connnents on the 2002 Water Quality Monitoring D r ~  Report 

Detr Mr. Premo: 

i 

a s  

The Michigan Department of Natural Resources (MDNR) is in receipt of your draft copy of the Warn- Quali~ 
Monitoring ttudydated December t3,2002. Iathlt mlx3rt, results for the2002 Ci tyofCrym] l~dh Hydmekctric 
Project Water Qua/ity Mort/toting Plan w~e subnfilted. In add/flon, monitoring resulta v~-~ compared for ~ ~ 
20eo throush 2002. 

m 

MoniUxing m e t h ~  s=l resul= w ~  tn compliance with tSe l~kra l  Energy R e i ~ ,  ~ n  ~ Q  ~ 
Approving Water Quality Mon/tofing Pla~ Except f~" one in,ante expla/ned by cah'braflon err~ in 2001. the Crys~  
Fa]h Hydroelectric Project dld no~ influence DO o~ w a ~  temperatm~ beyond limits specified by the State of ~ 

a s  

As a n=mlt of this compliance, White Water AMociat~ Inc. haJ a~ed for a reduced long-term ~ ~ 
Water quaJity monltorin8 is lxopceed on the fz~quency of once every five yean with a ieducdoa from Jlme ~ 
September dala c o ~  to only mid-July tiu'ough mid-Augu~ It is f~ther pmpc~d that long term mon]torin8 be 
conducted in the same mann~ m 20~.  

IIm 

i 

lIB 

MDNR is pleued with the three yean of monitodn8 resul~. Because water quality violations could potentially occ~ at 
any time ov~ the llceme pedod, MDNR agrees that Is inq~'Umt to conduct periodic monitcmg o ~  ~ ~ of ~ 
license. MDNR conmn's that long-term monitminS, besinnin8 in 2007 end every five yean dxrea i~ ,  ~ ~ .  
However, rather than limiting the monitoring to only mid-JoJy ti]zoush mid-August, MDNR would like to see 
monitodng include the entire two month low flow period of July and AnguIL Two months of monltot'/n8 dam during 
the low flow period win ensure detection of any wat~ quality lxoblems and provide re~m-ce ~ All 
mondtm'ing and rep(xen8 pmU)cols shall remain the same as conducted in 20(Y2. 

Thtnk you for the ~ tn ~ If you have any questiout, pleae contact me. 

I 

g 

I 

Faher  Biotogi= 
Station 

4S4 Chem/Cr=k IU 
~ 49855 

906-249-1611 (st  308 
~ i s u d d l O m i ~ e o ,  

i 
¢C: Ms. Sluu'on Hanshue, MDNR 

Ms. Janet Smith, USFS 

STEVENS T. MASON BUILDING • P.O. BOX 30(Q8 • LANSING. MICHIGAN 48g09-7526 
w w ~ . g o v  • (517) 373-2329 

IIm 


